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 As the American West responds to a 20-
year megadrought, this first issue of a Water 
Resources IMPACT two-part series diagnoses 
water scarcity issues confronting the western 
U.S. and explains how these impact a variety of 
ecological, community, and economic sectors. 
The second of the series, to be released as the 
March-April issue, moves from diagnosis to 
prescription. In that issue, authors will consider 
options for addressing water scarcity and its 
complex ramifications.  
 Drought is not a topic solely for farmers 
and water wonks. Drought should be a dinner 
table conversation topic, and something on 
the minds of the general public—whether they 
are directly impacted by it or not. With this 
issue, we hope to start a dialogue that informs 
drought-related decision making from the halls 
of power all the way to residential showers 
and backyard sprinklers. In doing so, we aim 
to influence drought actions and policies that 
will not only help the region to address its 
water woes today, but will empower its people, 
economies, and ecosystems to thrive during 
prolonged drought in the future. 
 I am honored to represent the California 
Water Commission as the guest editor for this 
series and to have worked with a diverse and 
brilliant array of Tribal experts, academics, NGO 
thought-leaders, water managers, and water 
policy influencers, each of whom brings his or 
her own perspective on the topic of drought.

About the cover: In recent years, the historically low 
water levels at Lake Oroville—one of California’s largest 
reservoirs—have provided a dramatic illustration of the 
state’s recent drought woes. Like the rest of the American 
West, California expects its fair share of drought. But 
as the climate grows hotter and drier, those droughts 
are predicted to be increasingly prolonged and intense.  
The first step of preparing California for the droughts of 
tomorrow? A clear-eyed look at the impacts of intense and 
prolonged drought today. Source: California Department of 
Water Resources.
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PRESIDENT’S MESSAGE

HAPPY NEW YEAR TO ALL! I HOPE THE YEAR 2023 BRINGS 
back a sense of normalcy in our day-to-day lives, in our 
communities, and in our workspaces. 

Water resources work has never been more critical and 
urgent than it is during this moment in our history. As a 
history buff, I have always found the relationship between 
water resources and historical events fascinating. Many 
major historical events—including the rise and fall of 
major empires—were often closely related to widespread 
droughts and their devasting impact. 

My research focuses on water resources planning and 
management. Droughts play an important role in these 
topics, as droughts are the main limiting factor for surface 
water availability. 

For someone with my research interests and passion 
for history, the current issue of IMPACT has so much to 
offer! Droughts often do not catch the public’s attention 
in the way that other natural disasters, such as floods or 
earthquakes, do. It is hard to “see” or “feel” a drought, 
after all. They are not as dramatic as other disasters. 
They often have a slow onset. But this doesn’t make them 
any less important or fascinating. I believe you will be as 
intrigued as I am when you read the articles in this issue 
discussing drought in the American West. 

 Naturally, the challenge posed by drought is not 
limited to the western U.S.  Recently, I traveled to 
Thailand, where I met with water resources professionals 
from Chulalongkorn University and Asia Institute of 
Technology. Over the course of my visit, we discussed 
the importance of sharing water resource management 
strategies across borders, languages, and cultures. Water 
resource management is both a local and a global issue. 
The specific challenges that water managers face are local, 
but the impact of water resource management is global. 
International cooperation will be important to manage 
water and prepare for drought.  With that in mind, AWRA 
hopes to return to holding international conferences with 
agencies and communities that align with our mission and 
vision.

2023 is an exciting year for AWRA. We have made an 
extraordinary commitment to creating a strategic plan 
for the organization, which will track activities over the 
next 3-5 years. The AWRA Board of Directors understands 
that leadership and proper governance must begin with 
a solid plan to empower staff to execute the vision of the 
board, to illustrate to our members how the organization’s 
resources are being spent, to address the needs of our 
membership and their changing priorities, and always to 

Zhenxing (Jason) Zhang, AWRA 2023 President
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stay prepared for the future. The AWRA Board of Directors 
and staff have been working on this plan for six months, 
and we hope to begin the execution of the plan in the 
spring. Once the plan is approved, AWRA will share the 
body of work with our membership.

In the meantime, there are plenty of opportunities to 
participate in AWRA events. I hope you will get involved!

• State Section Leadership. If you are in a state with 
a AWRA State Section, we strongly encourage you to get 
involved with their section activities, events, meetings, 
networking opportunities, and student engagement. 
AWRA also hosts a bi-monthly section meeting where 
leaders from each section engage with other sections 
leaders around the country on topics most important to 
them. If you are a state section leader and are not on that 
list, please email info@awra.org.

• AWRA has four Technical Committees that are 
hard at work planning content for 2023-2025 conferences 
and beyond. This is a fantastic opportunity for you to 
engage with AWRA leaders and be a part of planning 
something unique in your profession. If you would like to 
get engaged with a Technical Committee, please reach out 
to the Chairs here.

• AWRA is committed to DEI initiatives and will be 
sponsoring our DEI Award Winners to present at the 2023 
conferences. AWRA will continue to provide educational 
opportunities around DEI in water resources in 2023.

Lastly, if you are interested in publishing in IMPACT 
Magazine or getting involved, please check out the 2023 
Editorial Calendar and contact IMPACT Magazine staff. ■

Kind regards,
Jason Zhang

MEET YOUR 2023 BOARD OF DIRECTORS!
AWRA’s volunteer Board of Directors consists of members from around the country representing  

various disciplines within the water resources industry.
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INTERVIEW WITH EDITOR-IN-CHIEF MOMCILO MARKUS

WE ARE DELIGHTED TO INTRODUCE THE NEW EDITOR 
in Chief of the Journal for American Water Resource 
Association (JAWRA), Dr. Momcilo Markus! He brings with 
him a wealth of expertise and significant experience in 
research, industry, academia, and government, dealing with 
water issues in Europe and in the United States. His current 
work includes hydroclimatic studies and evaluation of the 
hydrologic effects of climate change, such as nonstationary 
precipitation or changing riverine nutrient and sediment 
loadings. Formerly, Dr. Markus worked with the National 
Weather Service’s ensemble river forecasting system, FEMA 
flood insurance mapping program, and the Northern 

Colorado Water Conservancy District's subalpine hydrologic 
modeling for municipal water supply. He is committed 
to increasing the uptake of open science practices in the 
water resources community, and advocates for more 
transparency in the process of research practice.

Dr. Markus has kindly answered some of our burning 
questions about him, his background, and what he plans 
to bring to JAWRA. Get to know him a little better with this 
short interview. 
How will your background and expertise contribute to the 
continued success of JAWRA?

As a water professional, I see JAWRA as a large and 

Meet Our New Editor-in-Chief Momcilo Markus

JAWRA Editor-in-Chief Momcilo Markus stops for a photo with his wife and sons near a Colorado Lake. Source: Momcilo Markus
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powerful engine. It started huffing and puffing in 1965 and, 
over time, has transformed into a modern, high-speed 
train. It took enormous work to get there, and it will take 
a sustained and well-organized team effort to continue its 
success in the future. JAWRA has a long and rich history, 
and a vision that encompasses recent and emerging issues 
such as global pandemics, climate change, demographic 
shifts, and environmental equity. I am confident that my 
experience—along with the complementary experience of 
both the management and editorial teams—will continue 
fulfilling the journal’s vision. 
What are your thoughts on the future of JAWRA?

I see the journal increasing its presence at conferences 
and on social media and enhancing its visibility among 
members. The journal will continue to support AWRA 
members and its wider audience by fostering professional 
debate in the wider national and international community. 
In your view, what are the most exciting developments in 
water resources today?

We are living through a period of accelerating change. 
New challenges and new risks appear faster than ever 
before. In recent years we have seen unprecedented 
weather extremes, pandemic, large-scale violence, and 
mass migrations. The stakes are high, the challenges are 
significant, but there are many opportunities for solving 
water resources problems.  
What is a topic in water resources research you wish you 
knew more about?

I have always been interested in engineering issues 
(such as improving our ability to simulate and predict 

complex hydrologic processes, based on ever-increasing 
large data sets, powerful supercomputers and artificial 
intelligence, or increasing our ability to understand the 
interdependence between complex hydroclimatic and 
biogeochemical processes). In recent years, however, 
my interests have shifted toward global issues in water 
resources. These include, for example, the changing 
(nonstationary) climate, as well as land use and 
demographic shifts. Going forward, many worldwide water 
resource challenges will focus on negotiating an increased 
need for water on one hand, and the limited water supply 
on the other. Experts best qualified to solve global water 
issues will need to have a broad understanding of scientific, 
engineering, economic, and social aspects of these issues. 
What is a fun fact about you?

My father served as the EIC of a naval research journal 
in the 1960s in former Yugoslavia. I never planned to 
become an EIC, but when the opportunity came up I 
accepted the position quickly. Some things run in the family 
and repeat themselves. 
What are you currently reading?

I just finished reading Quo Vadis, America? (1999) by 
professor Vujica Yevjevich, one of the most prominent 
hydrologists of the twentieth century and one of my 
dissertation committee members at Colorado State 
University. Interestingly, his book reaches beyond his 
water expertise. He offers an analysis of political, social, 
and cultural trends in the Unites States—I think his 
predictions and recommendations are still very valid and 
helpful today. ■



November 6-8 | Raleigh, NC

Registration Options
Call for Topical Sessions
Call for Abstracts
Sponsor & Exhibitor Details
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lessons learned from the
implementation of
multidisciplinary projects,
best practices discovered in
the design and application of
water resource management,
implications of water policy
decisions, and
research into current and
emerging issues.

Plenary sessions will feature
dynamic keynote speakers who
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challenge long-held beliefs. The
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panel discussions, technical
sessions, and short workshops. 

Attendees can expect to hear:

This conference is one of the most
diverse and inclusive conferences in
water resources management. AWRA
provides you with innovative,
practical, and applied water resource
management solutions, management
techniques, and current research.
Enjoy the Community, Conversation, &
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THE FIRST TIME I HEARD THE WORD “DROUGHT” WAS 

in 1987, just as California’s five-year drought began. I was in 
elementary school and my mom explained the concept of 
limited water in broad terms—not enough rain, not enough 
water to go around, all of us need to do our part—but with 
enough seriousness that I took it upon myself to take “navy 
showers” to conserve water for the duration of the drought. 
And with that, drought became part of my lexicon, as it is 
for most—if not all—Californians. Although the stakes of 
drought may be easy enough for a child to comprehend, 
the meaning of the term is not always clear. In the context 
of climate change, the picture is becoming even more 
complicated. But we can still plan for the intense droughts 
of the future—provided we understand how the meaning 
of drought can shift depending on context.
A Matter of Context

Merriam-Webster defines drought as “a period of 
dryness, especially when prolonged.” But this does not get 
us very far. What constitutes a “period of dryness” depends 

on context. Such context includes the relationships of 
individuals and communities with water supply systems—
be they natural, built, or political.

Often, people associate droughts with reduced 
precipitation. If we take the full context of water supply 
systems into account, however, the truth is more complex. 
Because of engineered water systems and the natural 
water storage capacity of groundwater basins, drought 
is not simply a lack of precipitation. Rather, drought is a 
period of constrained supply when demand for water 
outstrips its availability. These periods usually align with 
months or years of minimal precipitation. Identifying a 
drought can be complicated. Other disasters, like floods, 
earthquakes, and fires, begin relatively quickly and 
unambiguously. By contrast, droughts creep up over 
months and years. Hindsight is typically required to identify 
the start of a drought and it is not possible to project its 
duration. The context of droughts also includes the lived 
experience of individuals and communities. Simply put, 

FEATURE

What Does “Drought” Mean? 

Laura Jensen

Droughts happen frequently in California—but this does not mean that all Californians experience drought in the same way. Urbanites 
may not directly experience the effects of drought. By contrast, rural communities that lack access to stored water may feel the effects of 
drought acutely and quickly. To prepare for the intense, prolonged droughts of the future, agencies and partners should keep this diversity 
of lived experience in mind. Source: Adobe Stock 
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drought means different things to different people. 
Lived Experience

In some parts of the country, drought might mean 
a dry summer—a phenomenon that California, with its 
Mediterranean climate, experiences yearly. In urban areas, 
residents may be disconnected from the watersheds from 
which they get their water. As a result, it may be difficult 
for them to directly experience the effects of drought, 
let alone understand how it is impacting their source 
watershed. In these instances, drought impacts may need 
to be communicated through policy efforts and education 
campaigns to overcome the lived experience of ample 
water flowing from the tap.

Within the American West, as within California, the lived 
experience of drought varies widely. In areas that have 
a reliable, resilient source of water, a period of dryness 

may not have many obvious impacts on human residents. 
In many cases, communities that have a reliable water 
supply have previously invested in water supply projects 
such as reservoirs to capture snowmelt, recharge basins 
to replenish groundwater, water recycling plants to turn 
wastewater into a useable water source, or stormwater 
capture systems to divert and store excess water 
during wet times. Even after many years of diminished 
precipitation, it may not feel like a drought.

In areas that lack access to stored water or other 
water supply projects, drought may be felt acutely after 
only a year of dryness. Some communities depend upon 
groundwater wells for their water supply. Once a well goes 
dry, there is no back-up option other than to drill a deeper 
well and hope for water.

Natural ecosystems can also be hard hit. Plants and 
animal species that are native to drought-prone areas have 
evolved to survive droughts. However, because of how 
natural freshwater sources have been altered for human 
use, such species face drought-like conditions in all but the 
wettest years. They are living in near-perpetual drought.
The Hotter, Drier Future

Directly experienced or otherwise, drought conditions 
in the American West are exacerbated by climate change. 
While droughts are not directly caused by climate change, 

climate change worsens droughts: hotter and drier 
conditions (which are caused by climate change) lead to 
less water availability in non-drought years and to more 
intense droughts.

We are seeing the amplification of these effects over a 
relatively short period of time and experiencing extreme 
changes in our own lifetimes. Climate change is making 
the atmosphere “thirstier,” which has compounding effects 
such as drier soils and more water evaporating into the 

Climate change does not cause droughts, but it does amplify them. Warm air is “thirstier,” absorbing more moisture, which dries out the 
soil, reduces water supply recharge, and threatens crops. As the climate continues to become hotter and drier, these conditions will result in 
increasingly intense droughts in the western U.S.  Source: Adobe Stock 
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air. Drier soils, in turn, lead to less immediate runoff or 
recharge when it does rain. Higher evaporation rates 
mean that more water needs to be applied to achieve 
the same plant growth compared to years without this 
added aridity. Periods of drought will continue on top 
of the hotter and drier conditions wrought by climate 
change. As the climate changes, droughts will change. In 
turn, drought management must evolve. For instance, 
modern “hot droughts” are particularly notable for creating 
conditions that lead to large wildfires. Managing forests 
and responding to fire emergencies must thus become part 
of the conversation about how to protect communities and 
the environment from the impacts of drought. Decision 
makers and agencies should partner with Tribal authorities 
to tackle these challenges. Tribes have managed forests 
since time immemorial; they bring an integrated and 
proactive approach to forest management. Accordingly, 
they should be seen as leaders in this realm. 
Bold Steps

States in the American West are starting to plan for 
managing water under hotter, drier conditions, with more 
intense droughts. New Mexico is drafting a 50-year water 
plan that addresses climate change impacts to water 
supplies in the state over the next 50 years. Montana is 
updating its drought management plan to build statewide 
drought resilience in light of warmer temperatures and less 
predictable snowpack that exacerbate drought impacts. 
California’s warmer, drier weather is expected to diminish 
its existing water supply by up to 10% by 2040. To address 
this challenge, California Governor Gavin Newsom released 
"California’s Water Supply Strategy: Adapting to a Hotter, 
Drier Future", a strategy document outlining key actions 
needed now to stretch existing water supplies and adapt 
to California’s extreme weather patterns caused by climate 
change. 

The California Water Commission is exploring strategies 
for protecting communities and wildlife in the event of a 
drought lasting six years or more. The Water Commission 
is a nine-member state commission that uses its public 
forum to explore water management issues from multiple 
perspectives and to formulate policy recommendations. It 
has engaged water experts and practitioners in California 
and in other countries that have dealt with long-term 
drought conditions. These conversations underscored the 
need to take bold steps to improve water management 

during drought, and to continue planning and preparing 
for drought in non-drought years. The Commission’s 
document, "Long-term Drought in California: Overview and 
Global Context", summarizes these early conversations.

Going forward, the Commission will assemble a working 
group of diverse parties to draft strategies for protecting 
communities and wildlife during drought. The Commission 
will also hold public workshops to vet these strategies 
and, ultimately, produce a guidance document for the 
secretaries of Natural Resources, Environmental Protection, 
and Food and Agriculture. This document will provide the 
secretaries a valuable resource to assist in developing 
investments and policies to support communities and the 
environment during drought.
Preparing For the Future

Although the meaning of drought varies by context 
and location, the entire American West is said to be in a 
20-plus-year-long “mega-drought.” California is headed into 
what is expected to be its fourth year of drought. Mounting 
evidence suggests, in fact, that the current drought is an 
extension of the 2012-2016 drought, interrupted by wet 
years. In other words, “drought” is taking on an additional 
meaning for California and the broader American West: 
longer, increasingly intense, and more impactful to human 
and natural systems.

What drought does not mean, however, is “hopeless.” 
Now is the time to assess how we can best protect 
vulnerable communities and species. The impacts of more 
intense drought conditions are here. But by attending to 
their own unique contexts, needs, and resources, state and 
local agencies can ensure that they are prepared for the 
future. ■

Laura Jensen  (laura.jensen@water.ca.gov)  is the Assistant 
Executive Officer for the California Water Commission. Her 
career spans the public and private sectors and centers on 
management, conservation, restoration, and protection of 
California’s freshwater resources and ecosystems.

As the climate changes, 
droughts will change. In turn, drought 

management must evolve.

https://cwc.ca.gov/-/media/CWC-Website/Files/Documents/2022/10_October/October2022_Item_10_Attach_3_DroughtContext_Final.pdf
https://cwc.ca.gov/-/media/CWC-Website/Files/Documents/2022/10_October/October2022_Item_10_Attach_3_DroughtContext_Final.pdf
mailto:laura.jensen%40water.ca.gov?subject=
https://cwc.ca.gov/
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A Moving Target: Defining Drought in a 
Constantly Changing Climate 
Samantha Stevenson

FEATURE

WHAT DO WE MEAN WHEN WE SAY “DROUGHT?”  

It is an important question, but not always easy to 
answer. Depending on who you’re talking to you 
might receive different responses. Drought can refer 
to lower-than-normal precipitation. Sometimes it is 
used to describe less moisture in the soil than usual. 
In other instances, drought is defined by effects on 
agriculture or socioeconomic conditions. Whether 
or not a particular place is considered “in” or “out” 
of a drought also depends on the timescale under 
consideration. Based on a running average of long-
term conditions, much of the western United States 
has been in a continuous “megadrought” since 2000. In 
each case, however, there is a constant: when we talk 
about droughts, we mean that current conditions are 
significantly drier than normal conditions. But when 
the climate is constantly changing, “normal” becomes 

a moving target. As a result, the ongoing impact of 
climate change makes it difficult to define drought and 
to understand the magnitude and intensity of drought 
conditions—let alone manage their effects.
When “Normal” Isn’t Normal

California’s recent history stands as a case in point. 
California is certainly no stranger to prolonged dry 
spells. From 2020–2022, much of the state has suffered 
“moderate” to “severe” drought conditions. And the 
current drought is the not only one in recent memory. 
Indeed, present dry conditions follow on the heels of 
an equally severe drought, from 2012–2016. California 
had barely recovered from the previous drought when 
a new one began. These back-to-back droughts—driven 
and intensified by climate change—can make the very 
significance and diagnostic value of “drought” appear 
murky.

Early morning fog rises above California’s drought-stricken Lake Isabella in the Southern Sierra Nevada. Californians have faced drought 
conditions for years. But in the face of climate change, precisely what counts as a drought—and how to mitigate the effects of drought—has 
become increasingly complicated.  Source: Adobe Stock 
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Human-induced warming is driving ongoing loss 
of moisture throughout California and the southwest 
United States. If greenhouse gas emissions continue 
unabated, the trend is projected to continue 
throughout the 21st century. This presents a challenge 
for evaluating the magnitude of a drought, since most 
definitions have historically relied on comparing some 
measure of water availability to a single “average” or 
“normal” value. In the presence of a trend, though, 
there is no single normal value—the background state 
is continually changing. When compared to a fixed 
threshold, this leads to a situation where you are always 
in a drought. On the one hand, this is extremely useful 
information since it highlights the importance of water 
management when less water is available. On the other 
hand, we are losing information about how unusual 
a given year is relative to what we should consider 
“normal.” 
Finding The New Normal

In the presence of this trend, how can we find the 
“new normal” and use it to interpret the magnitude of 
droughts? Recent research shows that the effects of 
the changing drought baseline are much larger than 
year-to-year variations in water availability. By using 
computer simulations of our climate future, we can sift 
out year-to-year variability and average the remaining 
values to provide a good sense of how human activities 
influence water availability. When we remove the 
long-term trend in soil moisture, what remains is the 
variability relative to the ever-changing new normal. 
What sort of picture does that paint? It turns out that 

the amount of variability isn’t terribly different from 
what we’re seeing in the present climate. This has major 
implications. If we can make continual adjustments to 
the normal amount of water availability, then managing 
for drought relative to that changing background 
state might not be so different from past drought 
management efforts. But, of course, that is a big “if.”

Adding to the problem, the effects of climate 
change are not limited to slow changes in average 
moisture availability. There is an emerging consensus 
that we need to re-evaluate what constitutes an 
“extreme” event. Because of the changing capacity of 
the atmosphere to take up moisture, the strongest 
rainstorms are becoming stronger than ever before. 
This trend is projected to continue over the course of 
the 21st century. And this increase is much larger than 
what we see for soil moisture. Even using the same 
model-based approach described above, future wet 
seasons are still much stronger than what we’re used 
to in the present climate. That could spell big trouble 
for efforts to mitigate the impacts of future extreme 
rain events. It means that we should expect to see 
rain and flooding beyond anything we’ve seen in the 
past century—and relatively soon. A recent study laid 
out the magnitude of this challenge: events capable 
of causing extreme flooding in California have already 
doubled in likelihood, and those odds are increasing 
as climate change progresses. Effectively managing 
water resources in a warming world will therefore 
require planning both for a continuous decrease in 
overall water availability, as well as readiness for those 

As the climate continues to become hotter and drier, water availability values in the western United States are trending steadily downward. 
Without a stable background value, interpreting the magnitude of droughts becomes more challenging. Source: Samantha Stevenson

https://www.pnas.org/doi/10.1073/pnas.2108124119
https://www.science.org/doi/full/10.1126/sciadv.abq0995
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dry periods to be punctuated by ever-stronger wet 
extremes.
Outlook On Our Climate Challenges

What are the upshots of this complex “new normal?” 
Based on current understandings of climate-driven 
changes in the western United States, a truly resilient 
water management policy should take the following 
into account:

• When droughts “end” in the future, that likely 
won’t mean things go back to normal. Climate change-
driven trends will contribute to background drying 
throughout the course of a drought. That means that 
when we eventually have a few wet years that would 
have brought conditions back to ‘normal' in the absence 
of the trend, the ‘end’ that we return to will be slightly 
drier than the beginning we left. 

• Since “normal” is always changing, planning 
must be continuously updated. In places like the 
western United States, where conditions are expected 
to become drier on average, water management needs 
to account for trends on a regular basis. This means 
adopting contingency plans for aspects of management 
that depend on the absolute amount of available water. 
It also means building in re-evaluation mechanisms for 
water policy to make sure our infrastructure can deal 
with the sustained, drastic changes in water availability 
expected in the future.

• Scenarios of future extremes also need to 
incorporate regular increases in what “extreme” means. 
Planning for drought—as well as flooding—will mean 
being resilient to the ever-more extreme wet years 
which will inevitably punctuate drought periods. As 
climate change progresses, we will need to monitor and 
evaluate our responses to extreme events. We would 

do well to include a mechanism for regularly revisiting 
policy and management decisions.

The changing climate poses immense challenges—
both for understanding and for managing the effects 
of drought and other extreme weather events. But with 
good science and careful planning, we can take aim at 
this moving target. ■
Samantha Stevenson  (sstevenson@ucsb.edu)  is an 
assistant professor in the Bren School of Environmental 
Science and Management at the University of California, 
Santa Barbara. She conducts research on climate variability 
and its response to future climate change using global 
climate models. She received her PhD from the University 
of Colorado, Boulder in 2011.

If we can make continual 
adjustments to the normal 

amount of water availability, 
then managing for drought 

relative to that changing 
background state might not 

be so different from past 
drought management efforts. 
But, of course, that is a big “if.”
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IN ADDITION TO FREQUENT EARTHQUAKES,  
wildfires, and other disasters, California faces droughts 
and floods more often than any other part of the United 
States. But Californians are resilient. California is globally 
regarded as successful in managing most such disasters. 
Since the 1800s, Californians have worked to manage 
water effectively despite frequent extremes. Today, 
climate change is making weather extremes still more 
frequent and, in turn, is driving increased organization 
and investment to manage and mitigate their worst 
effects. Even with such concerted efforts, however, 
water management in California faces challenges. To 
grapple with an increasingly dynamic and extreme 

climate, Californian scientists and lawmakers must 
turn these challenges into lessons for future policies 
and management. Drought failures and near-failures 
draw attention to places where improved policies and 
investments are needed. They also provide political 
motivation for legal and institutional changes that 
can help make Californian water management more 
adaptable and resilient.
Successes and Failures: California’s 2012–2016 Drought 

California’s drought management successes are 
substantial. Economic damages from the drought 
of 2012–2016 were widespread: agriculture, 
hydropower, rural residents, and cities faced losses 

FEATURE

Never The Same Drought Twice: California and 
Climate Change

Jay Lund

A warming climate spells extreme conditions for California. Although rural areas such as this Central Coast farm are often hardest hit, no 
sector of Californian economy or infrastructure will remain untouched. Source: Adobe Stock 

https://onlinelibrary.wiley.com/doi/abs/10.1002/hyp.13447
https://onlinelibrary.wiley.com/doi/abs/10.1002/hyp.13447
https://ascelibrary.org/doi/full/10.1061/%28ASCE%29WR.1943-5452.0000984
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totaling around $9 billion. But this occurred in what 
was then a statewide economy of about $2.3 trillion 
per year. Although the drought’s damages were 
sizable (and often hard-felt at local and regional 
levels), the statewide economic effects were nearly 
invisible. Californian cities invested in integrated and 
interconnected portfolios of water sources, stored 
water (mostly underground), water conservation, and 
water trading to make themselves robust to drought. 
Agriculture also was notably successful. Despite 
enduring a 30% reduction in normal water supplies, 
statewide losses to agricultural revenues were a mere 
3-4%. California farmers achieved this by pumping 
groundwater, fallowing lower-valued crops, and 
water trading. Some local agricultural areas suffered 
much more—mostly where farmers had not arranged 
supplies for orchards.

More dramatic drought failures impacted aquatic and 
forest ecosystems, as well as thousands of rural wells 
dewatered by additional drought-related agricultural 
pumping. The drought killed over 100 million trees from 
forests (worsening later wildfires) and brought several 
fish species to the brink of extinction. To date, little has 
been done to address these ecosystem failures. However, 

these impacts have garnered attention and new studies. 
Hopefully, such efforts will lead to major innovations for 
the future.

Still, most drought impacts were avoided. What’s more, 
the drought drove development of new policies to better 
prepare for future droughts. Continuous, coordinated 
groundwater management efforts are needed to 
preserve diminishing groundwater supplies for use during 
droughts. Californian legislators recognized this and 
passed state groundwater legislation that will eventually 
lead to long-term fallowing of 500,000 to over 1 million 
acres of irrigated land. Legislators also have allocated 
funds to improve many rural water systems, making them 
more resilient to drought.
An Uphill Battle

Despite these strides, California faces steepening uphill 
battles over water due to climate change. Extremes are 
increasingly intense and frequent, resulting in “climate 
whiplash.” California’s climate is becoming a more 
extreme and warmer version of its historical self. This 
makes drought, flood, and overall water management 
more difficult, and poses existential challenges for 
ecosystem management.

Almost nothing will become easier with California’s 

In Southern California, a sign over Interstate 15 warns drivers to conserve water. Statewide efforts to mitigate the effects of drought in the 
cities and agricultural systems of California have been largely successful in managing drought for the statewide economy. Still, regional and 
local effects of drought are painful.Source: Adobe Stock
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new climate, across all sectors. Cities, agriculture, and 
hydropower will all find their operations more difficult and 
less profitable. Still, these sectors are well-organized and 
wealthy statewide. As a result, they have good internal 
adaptive capacity, despite substantial costs. Water users in 
some regions will see worsening chronic water shortages. 
For some local areas, climate impacts on water and 
droughts will be catastrophically acute. These areas may 
need state assistance to get by or transition.

The sectors most vulnerable to drought and climate 
change are California’s ecosystems and rural areas. 
Historically, California’s forest and aquatic ecosystems 
have suffered the greatest drought impacts. Warmer 
temperatures are changing the species composition and 
densities of forest and aquatic ecosystems, worsening 
conditions for many native species. Like much of the 
world, California faces the difficult task of managing 
non-stationary ecosystems populated increasingly with 
non-native species. Although most of California’s (and 
western United States’) urban and agricultural water 
systems have been driven to prepare for dry years, the 
management of aquatic and forest ecosystems has 

not focused on preparing for extreme events. This has 
brought accumulating long-term declines in ecosystem 
health from successive droughts. 

Rural areas in California face major drought 
challenges. State legislation to end groundwater 
overdraft will reduce drought threats to rural drinking 
water supplies. However, many rural areas have growing 
problems with groundwater nitrate contamination 
from overlying agriculture. While these problems are 
common in California, they are not unique. Drinking 
water quality problems exist in much of the rural U.S. 
Rural communities also suffer from lack of resources and 
economies of scale. This makes gains slow and tenuous.

Unlike water management for urban and agricultural 
water systems, water management for California’s 
ecosystems and rural areas has lacked the organization, 
reliable funding, and legal authorities and mandates 
needed to sustain them and to help them innovate in 
response to extremes. More fundamental state support 
and organization are needed for these already-failing 
areas as conditions worsen with climate change—in 
California and much of the American West.

California’s rural areas must prepare for increasingly long, intense droughts. But limited resources and challenges of small scale have 
slowed progress in these communities. Source: Adobe Stock
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What To Do?
California and the western U.S. face serious drought 

problems. Most of the human population and economy 
in these regions will experience these challenges as a 
modest inconvenience and a greater expense. There is 
only modest potential for increasing water supplies by 
conventional means (building dams, mining aquifers, 
and groundwater recharge). Fundamentally, the region 
lacks inflows to supply such infrastructure. Desalination 
will remain too expensive for most users. Wastewater 
reuse will help a bit in areas which do not already reuse 
wastewater naturally. 

Reductions in water use of more than 3 million acre-ft 
per year will be needed in California to make groundwater 

sustainable, protect ecosystems, and adapt to climate 
change. Similar or greater reductions are needed in the 
Colorado River basin as well. Urban areas, which account 
for 10-20% of western water use, must continue to reduce 
their water use. Urban reductions alone will not be nearly 
enough, however.

Irrigated agriculture is responsible for 70-80% of water 
use in the western U.S., but contributes less than 10% to 
its economy. Accordingly, most of the large unavoidable 
reductions of water use in California and the western U.S. 
will come from fallowing farmland. This could amount 
to fallowing 20% or more of irrigated land in California 

and the West—mostly from lower-valued crops on less-
productive soils. Rising water scarcity and water prices will 
help drive such large reductions. But there will certainly 
be controversies on water law, accounting, and efforts to 
maintain agronomic and rural prosperity with a shrinking 
agricultural sector. 
Don’t Panic—But Don’t Be Complacent

Change often requires a sense of urgency to gain 
attention from political leaders. However, it is crucial 
that we do not allow this urgency to become a panic. 
Panic usually leads to poor decisions and higher costs. 
By contrast, wet years may tempt us to complacency, 
sapping our resolve and slowing or reversing progress. In 
the history of water management in California, droughts 
and floods give a jolt to improve management at all levels. 
But, faced with one extreme, we may risk complacency for 
the other. Avoiding both complacency and panic can help 
smooth these transitions. To thread the needle of panic 
and complacency, we need a clear-eyed understanding 
of California’s climate future to prepare for increasingly 
intense and frequent extremes.

Reflecting on the constant flux of the world, the 
ancient Greek philosopher Heraclitus observed that “You 
cannot step in the same river twice.” We can usefully 
adapt his adage to help us prepare for the extremes of 
California’s climate future: California will never face the 
same drought twice. We will never be finished learning 
from past droughts or preparing for future droughts. It is 
a daunting prospect—but also brings opportunities. Each 
drought poses new problems. If we abjure both panic and 
complacency, each new problem also can promise new 
innovations. ■

Jay Lund (jrlund@ucdavis.edu) is a professor of Civil and 
Environmental Engineering at the University of California, 
Davis. He works on water and environmental management 
problems, usually with a mix of engineering, social science, 
and modeling ideas.

Californian lawmakers and 
water managers must turn 

these challenges into lessons 
for the future. Drought failures 

and near-failures draw 
attention to places where 

improved policies and 
investments are needed.
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FEATURE

Drought Impacts on California Native American 
Tribes of South-Central California
Ron Goode

CLIMATE CHANGE IS NOT A PERMANENT STATE OR 

condition, it is a process of nature that is always 
changing. It’s the constant change that is permanent. For 
peoples who have never experienced climate change or 
global warming there is alarm. They believe we are stuck 
in some sort of weather pattern that will never change. 
For those with millenniums of history on the land, it’s 
“who knows?” In the next fifty years, we very well could 
be in this same holding pattern. In California we are in 
our sixth drought of a thirty-five-year drought period 
(1987–2022). In between our two to five-year droughts, 

we had El Niños, flooding, and abundance of rain, snow, 
extreme heat, extreme chill. If not for these climatic 
events we would be experiencing longer drought periods. 

Sixteen tribes from five Counties—Tulare, Kings, 
Fresno, Madera and Mariposa—reside in the South-
Central San Joaquin Valley Region. Our people have 
stories of dry times. Our stories have been validated by 
archaeologists, hydrologists, geologists, fire ecologists 
and other scientific investigators that have documented 
extended droughts, global warming and climate changes 
dating back 1,650 years. Their findings are triangulated 

Parched brush abuts an irrigated field in Tulare County, California. Although more recent residents of the San Joaquin Valley may find climate 
change an alarming new phenomenon, the Tribes that call this region home have many stories of dry times and changing climates. They also 
possess a deep store of Traditional Ecological Knowledge (TEK) on which to draw in addressing the effects of climate change.  Source: Adobe Stock
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by dating of ocean fossils by Douglas Kennett and others 
that identified global warming from 450 AD through 1350 
AD; pollen and plant macrofossil analysis by Michael J. 
Moratto that identified global warming via investigations 
in the Tulare Lake Basin of the South-Central San Joaquin 
Valley from 600 AD through 1500 AD; and D.J. Erlandson’s 
fisheries work identifying a warm-water period of great 
duration from approximately 1150-1250 AD.

Drought, along with other climatic effects are serious 
business for the region’s tribal stakeholders. A new 
predominance of fire is one such consequence. The drier 
climate, combined with government fire suppression 
policies in formerly native managed lands have resulted 
in the North Fork Mono Tribal Community and the 
North Fork Mono Rancheria of Madera County, and the 
Big Sandy Rancheria of Fresno County facing multiple 
significant wildfires such as the Creek Fire of 2020. These 
fires, once minimized by cultural burning and other 
traditional land management practices, ripped through 
homes and destroyed homeland resources on which 
many rely. Over the past twenty years, fire after fire, 
tribal and other community members faced hard choices. 
Some would choose to evacuate (and evacuate again and 

again) while others choose to ride it out, and hope for the 
best. 

In Lemoore, located in the western part of the San 
Joaquin Valley, the Tachi Yokotch Tribe (also identified 
as the Santa Rosa Rancheria of Kings County) have 
experienced significant air quality issues. During the 
drier years, the dust and air are very unhealthy, plus the 
smoke from the seemingly continuous wildfires settles 
over them. Their air monitoring station alerts community 
members to the unhealthy air which has created more 
allergies for their tribal members. The extreme heat and 
rising temperatures also affect their homes and electric 
bills.

Water quality has been another issue as drought has 
resulted in impacts to wells. The Tachi Tribe has lost two 
of their four wells. Over the past few years, Big Sandy 
Rancheria wells have gone deeper, from 300 and 400 feet 
to 800 and 900 feet deep. They are experiencing high 
levels of uranium, manganese and iron in their water; 
North Fork has been dealing with high levels of arsenic. 
Picayune Rancheria of Madera County also has high 
levels of natural minerals in their water including iron, 
manganese, calcium and uranium. 

A warmer, drier climate—along with government fire suppression policies—has led to more frequent fires in the San Joaquin Valley region. 
These fires threaten the homes, livelihood, and lives of Tribal communities. But cultural burning by Tribal authorities can help mitigate the 
frequency and risk of such fires. Source: Adobe Stock
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Over the past twenty years, some communities have 
been hit hard from flooding as extreme precipitation, 
upstream land management decisions and impacts from 
drought and fire damage have resulted in high water and 
debris flowing down creeks and streams. These floods 

caused our people to evacuate some four to five times in 
one winter. 

Fire is not the only newly experienced hazard. Drought 
has brought the wildlife down from the mountains. 
Mountain lions and bears are more common and also 
more aggressive; directly impacting the Big Sandy 
Rancheria community as wildlife conflicts put residents 
in jeopardy. The Tule Indian Reservation of Porterville 
reports more wildlife visiting their community including 
more and more bear sightings.

Regionwide, a significant impact has been the 
reduction in production of indigenous plants, such as 
acorns, sour berries, soap root, and basket weaving 
material, available for gathering. Tribal gatherers have 
had to travel to northern California and Lake Tahoe, or 
south to Tehachapi to gather enough Black Oak acorns 
for their cultural events. Other resources such as redbud 
and mushrooms have suffered from the lack of no cultural 
burning, no access to gathering areas, and the lack of 
good freezes at the right time. 

Beyond gathering, tribes have experienced drought 
impacts to other economic enterprises. Tribal cattle 
ranching, bull riding and breeding, and Fallow Deer 
farming for venison has traditionally relied on rain fed 
grazing. With drought and changing weather patterns, 
they must now irrigate, and while they have well water, 
the high costs of running pumps have caused the ranches 
to re-strategize and downsize their commodity numbers. 
Using TEK to Ensure a Future of Cultural Stability

The application of Traditional Ecological Knowledge 
(TEK) can help mitigate some drought impacts. The 
North Fork Mono Tribe partnered with Sequoia Park and 
conducted two cultural burns in the same summer (2018). 
Following the burn the acorn production increased from 
36% to 56% based on a sample of 200 Blue Oaks.

The North Fork Mono Tribe has also restored six 
meadows in the Sierra National Forest and over the past 
year assessed nine new meadows to be restored next 
summer. Meadow restoration practices using TEK and 
generational cultural practices including cultural burning 
by the local Central California Tribes has brought back 
stability to local resources. In restored areas resources 
are now accessible, plentiful, and of high quality. The 
basket makers can easily gather basketry material, the 
gatherers are harvesting bags full of berries, and the 
natural medicines are now there to be tended by the 
elders and practitioners. Other cultural resources such 
as the Elderberry, Manzanita, Willow, Pines and Oaks are 
harvestable and abundant because “good fire” is now 
being returned to the land. But most of all, sunlight and 
water are being restored once cultural fire restores the 
landscape and resources. 

We look forward to continuing to work with our tribal, 
academic, state and federal partners to incorporate TEK 
into drought mitigation strategies. We will continue to 
address the climate chaos through cultural practices 
passed down through generational knowledge to establish 
a stable cultural future.■

Ron Goode (rwgoode911@hotmail.com) is Tribal chairman 
of the North Fork Mono Tribe.

Sixteen tribes from five 
Counties—Tulare, Kings, Fresno, 

Madera and Mariposa— 
reside in the South-Central 
 San Joaquin Valley Region. 

Our people have 
stories of dry times.
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by helping to maintain the high standards 
of Water Resources IMPACT, we'd love to 
hear from you. 
 
Learn more online or contact:
Lisa Beutler | Michael E. Campana
lisa.beutler@stantec.com
aguadoc@live.com

https://www.awra.org/
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SITUATED AT THE CONFLUENCE OF THE   
Sacramento and American Rivers and bordered by 
the Sierra Nevada mountains to the east, California’s 
Sacramento region has long benefited from an abundance 
of water resources. It is one of the few regions in the 
state to get all its water from within its own watershed. 
While the region’s geography has allowed it to weather 

the current drought better than much of the state, the 
region is not without water supply risks. In fact, a recent 
report by the United States Bureau of Reclamation 
details the significant adverse effects of climate change 
on Sacramento’s snowpack, reservoir storage, and water 
reliability in the decades to come. Considering that the 
region supplies nearly two-thirds of the state’s water needs, 

FEATURE

A Guided Tour of the “Supershed”: 
A Multifaceted Approach to Drought Proofing 
the Sacramento Region
Andy Fecko

The Sacramento region “supershed” enjoys some of the most abundant water resources in California. Still, climate change places those 
resources under threat. Temperatures in the region are expected to rise 4–7 °F by 2085. This could have significant effects on snowpack, 
reservoir storage, and water reliability. Source: United States Bureau of Reclamation

https://www.pcwa.net/planning/arbs
https://www.pcwa.net/planning/arbs
https://www.usbr.gov/
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the implications reach far beyond our backyard. 
To prepare for this future, regional water purveyors are 

redoubling efforts to buffer their reliability. This involves 
replumbing the region and taking a larger, longer, and 
more integrated view of the watershed. This integrated 
view is nicknamed the “supershed” approach. It begins at 
the mountain tops of the American River watershed and 
runs to the groundwater basin below the valley floor. By 
taking this broad and long-term approach, water purveyors 
in the Sacramento region are not only preparing for the 
future but also weathering the drought challenges of today. 

Placer County Water Agency (PCWA) is one of the water 
purveyors involved in these regional efforts. Servicing 
an area that spans 1500 square miles and serving over 
200,000 residents, PCWA is the primary water resource 
agency for Placer County, one of the counties in the 
Sacramento supershed. Because the PCWA operates a 
dual-purpose water storage and hydroelectric project in the 
upper reaches of the Middle Fork American River, PCWA is 
where is the supershed approach begins. In what follows, 
we will take a guided tour of the supershed, stopping along 
the way to explore how the PCWA and its partners are 
addressing water supply challenges in the region

Healthier Forests in the Upper Watershed
For PCWA, and many of our foothill partners, dealing 

with drought begins in our respective headwaters. PCWA’s 
watershed is located about two hours east of Sacramento 
and spans some 412 square miles. Like many forested 
watersheds throughout the American west, the Middle Fork 
American River watershed has experienced an overgrowth 
of the trees and brush fueled by decades of active fire 
suppression and changes in forest management practices. 
The condition of our forests puts our water supply at great 
risk. In addition to increasing the risk of megafires that can 
harm water quality and aquatic habitat, the overgrown 
stock of trees soaks up snow and precipitation that would 
typically find their way to our reservoirs and rivers as part 
of the region’s water supply.

The solution to this threat is ecologically based forest 
management. For the last four years, PCWA’s French 
Meadows Forest Restoration Project has been a national 
model for transforming overcrowded forests into a 
patchy mosaic of meadows interspersed with thickets 
of mature trees. Covering nearly 28,000 acres of public 
and private land, the French Meadows Forest Restoration 
Project combines mastication, mechanical thinning, hand 
thinning, and prescribed fires to make our watershed more 
resilient to fire and drought. We believe that our forest 
management efforts will not only produce healthier forests, 
but a healthier water supply. The Sierra Nevada Research 
Institute at the University of California, Merced is partnering 
on this project to assess how changes in vegetation from 
ecologically based forest management affect water quantity 
in the local watershed.
Improving Mid-elevation Infrastructure
Making our way downstream out of the mountains to just 
above the valley floor, we find the second prong of our 
supershed approach: Folsom Reservoir. With a capacity of 
one million acre-feet, Folsom Reservoir is the smallest of 
California’s northern reservoirs. Its primary purpose is flood 
protection. However, it also serves as a water supply source 

for many communities in the region, including some PCWA 
wholesale customers. 

When drought strikes the region, Folsom feels the 
effects most profoundly. For much of the last decade, as 
water supplies at Shasta Reservoir have dwindled and 
conditions in the Sacramento-San Joaquin Delta have 
deteriorated, Folsom Lake has become the workhorse of 
the Central Valley Project. This has reduced reliability for 
the communities that use that supply. Add climate change 
projections to the mix, and the result is serious concern 
about the ability of Folsom to continue operating for 
multiple purposes. 

In the face of these realities, regional water agencies are 
exploring ways to maximize carryover storage at Folsom 
Reservoir as that is the key to increasing reliability. To 

Healthy forests support a healthy water supply. By reducing overcrowding in the region’s forests, the PCWA’s French Meadows Forest Restoration 
Project aims to make the watershed more resilient to fire and drought. The photo on the left shows a dense thicket before treatment. On the 
right, the same area appears after treatment. Source: Placer County Water Agency

https://www.pcwa.net/
https://www.placer.ca.gov/5775/French-Meadows-Restoration-Project?fbclid=IwAR3xTmBi8pgu-bANlUjbU0C4UV3nWc7F69l3h3dhWN_YucciVAIZ9TojU9Q
https://www.placer.ca.gov/5775/French-Meadows-Restoration-Project?fbclid=IwAR3xTmBi8pgu-bANlUjbU0C4UV3nWc7F69l3h3dhWN_YucciVAIZ9TojU9Q
https://snri.ucmerced.edu/
https://snri.ucmerced.edu/
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that end, agencies are building upon our long history of 
collaboration to construct the infrastructure needed to 
drought proof the region, primarily through groundwater 
banking and recharge. Our premier project is the 
Sacramento Regional Water Bank, an underground aquifer 
with the ability to store up to 1.8 million acre-feet of water. 
That is nearly twice the size of Folsom! As its name implies, 
the Water Bank would allow the region to make deposits 
in wet years and withdrawals in dry years. The Water Bank 
is just one of the many reliability projects that purveyors in 
the region are pursuing.
Rethinking Demand on the Valley Floor

Now we move on to the communities situated along the 
valley floor. Here, efforts focus on the demand side of the 
drought equation. Even in years when we are not facing 
a constrained supply, regional water agencies have been 
actively engaged in improving water use efficiency among 
our residents, and these efforts are even more important 
considering future climate projections.

Because most water in the Sacramento region is 
used outdoors, the biggest “bang for our buck” is making 
yards and landscape more water efficient. Rather than 
mandate no watering of yards, PCWA prefers to incentivize 
customers to make permanent changes to their landscapes 
to naturally reduce demand. After the drought of 2015, 
we realized that such mandates had unintended negative 

consequences. The push to allow lawns to die caused 
considerable tree mortality in our urban forests—not 
a great look for a region that prides itself on a bounty 
of natural beauty and is home to the “City of Trees.” As 
a result, we have refined our messaging. We remind 
customers that while is it okay to stress their lawns, they 
should not do so at the expense of their trees.

In addition to helping customers be water efficient, 
the region is also augmenting our surface water supplies. 
In-lieu conjunctive use (utilizing surface water in wet years 
and groundwater in dry years) is one way we do so, and 
the outcomes have been remarkable. Conjunctive use has 
helped us replenish our groundwater basins, and allowed 
us to stretch current supplies for both consumptive uses 
and environmental benefit. Even in the past three years of 
drought, groundwater levels have stayed stable. 
Shared Stewardship

As PCWA and other regional water agencies navigate the 
current drought and prepare for an uncertain future, we 
remain committed to a shared sense of stewardship of our 
water resources. Although the region has long enjoyed an 
abundance of water resources, climate change means we 
can no longer take this for granted. Further, to address the 
challenges posed by climate change to our water supply, 
we must no longer view ourselves as separate entities 
disconnected from the success of one another. 

Historically, Folsom Reservoir’s primary purpose has been protection against floods. As regional reservoirs have felt the strain of climate 
change, however, Folsom has picked up the slack as a water supply source. But Folsom, too, is under threat. The reservoir reached historic 
lows during 2015 drought. Source: City of Sacramento

http://www.cityofsacramento.org/public-works/maintenance-services/trees
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Collaboration is key
The actions of policymakers and regulators will 

also be critical to our future success. The projects and 
initiatives described here are not inexpensive and 
can be compromised with inadequate incentives or 
counterproductive public policy. Thriving in the decades 
ahead will require greater understanding and cooperation 
between all levels of government and greater investment in 
water infrastructure. 

The challenges of the future are significant, but water 
agencies in the Sacramento region are rising to the 

occasion. In doing so, we are not only making ourselves 
more resilient to drought today, but are ensuring the 
region’s natural abundance for generations to come. ■
Andy Fecko (afecko@pcwa.net) is the general manager of 
Placer County Water Agency (PCWA) located in Auburn, 
California. PCWA is the primary water resource agency 
for Placer County, with a broad range of responsibilities 
including water resource planning and management, retail 
and wholesale supply of drinking water and irrigation 
water, and production of hydroelectric energy. 

Despite years of drought, conjunctive use has safeguarded groundwater in the Sacramento region. As indicated by green points on the map 
above, groundwater levels increased up to 2.5 feet annually between 1998-2018. Source: California Department of Water Resources

mailto:afecko%40pcwa.net?subject=
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strengthen the standing of hydrology 
as a science and profession by:

• Establishing standards and procedures to certify 
individuals qualified to practice hydrology

• Establishing and maintaining ethical standards to 
protect the public from irresponsible work

• Providing education, public advice, and training in hydrology
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The American Institute of 
Hydrology (AIH) was founded 
in 1981 as a non-profit 
scientific and educational 
organization dedicated to the 
certification and registration 
of professionals in all fields 
of hydrology. AIH is the only 
nationwide organization 
that offers certification 
to qualified hydrologic 
professionals.

https://www.linkedin.com/company/aihydrology
https://www.aihydrology.org/
mailto:aihydrology.org


January/February 2023  VOLUME 5  •  NUMBER 1  |  29

DROUGHT IN THE AMERICAN WEST IS TAKING A TOLL  
on freshwater ecosystems and the native biodiversity 
that relies upon them. Rivers and wetlands throughout 
the region have seen record-low water levels and poor 
water quality, which 
is pushing many 
species—particularly 
native fishes—to the 
brink of extinction.

It is reasonable to 
ask why drought is 
having such an impact. 
After all, the West is 
prone to hydrologic 
boom and bust cycles. 
Millennia of natural 
selection have made 
the plants and animals 
native to the region 
well-adapted to 
periodic drought.  But 
drought resilience—
the ability of species 
populations to cope 
with and recover 
from drought—has 
been compromised.  
California provides a 
useful case study in 
how drought resilience 
has been lost and some 
options for how to 
restore it.
Less-Effective Drought Resilience Strategies

More than 100 species of California freshwater-
dependent plants and animals are currently listed as 
endangered or threatened under state and federal 
Endangered Species Acts (ESAs).  But the number of 
species vulnerable to extinction is far greater than those 
listed. And recent drought—particularly over the past 10 

years—appears to be accelerating population declines. 
Plants and animals in semi-arid regions use three general 
strategies to cope with drought: avoidance, resistance, 
and recovery.  Native fishes in California, many of which 

are endemic, illustrate 
these well.

Avoidance strategies 
include migrating from 
freshwater habitats 
when conditions become 
unfavorable. For example, 
salmon spend several 
years in the ocean before 
returning to spawn. 
This helps ensure that 
some proportion of the 
population is in the ocean 
when inland waters are 
experiencing drought 
stress.

Other species utilize 
drought resistance 
strategies. For example, 
the long lifespan of 
fishes such as sturgeon 
and many species of 
sucker allows them to 
delay reproduction until 
conditions are favorable. 
Others like dace and 
roach have physiological 
adaptations to tolerate 
poor water quality 

conditions during droughts. 
For most native fish species, a key recovery strategy 

is to produce high numbers of offspring during wet 
periods and to disperse rapidly to favorable habitats. The 
Sacramento splittail, for example, spawn on floodplains 
during wet years. This allows them to take advantage 
of this highly productive habitat to produce abundant 
offspring.

FEATURE

Rebuilding Resilience: Drought and Declining 
Freshwater Species in California

Jeffrey Mount and Theodore Grantham

Recent years of drought have accelerated the population decline across 
a diverse array of freshwater species in California. The infographic 
above lists the number of endangered and vulnerable freshwater 
species in each hydrologic region of the state. The situation is even 
more dire than it seems—many of these species can be found in 
multiple hydrologic regions, and this list does not include plants, insects, 
or invertebrates. Source: Jeffrey Mount and Theodore Grantham

https://wildlife.ca.gov/Conservation/CESA
https://wildlife.ca.gov/Conservation/CESA
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0130710
https://calfish.ucdavis.edu/species/?uid=26&ds=698
https://calfish.ucdavis.edu/species/?uid=182&ds=698
https://calfish.ucdavis.edu/species/?uid=84&ds=241
https://calfish.ucdavis.edu/species/?uid=135&ds=698
https://calfish.ucdavis.edu/species/?uid=18&ds=241
https://calfish.ucdavis.edu/species/
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All three of these drought resilience strategies are 
bolstered by genetic diversity, which creates variation 
in behavior and life history characteristics that buffer 
populations. For example, steelhead trout and salmon 
breed in both perennial and intermittent streams. The 
subpopulations that utilize intermittent streams are 
more vulnerable to drought impacts, but in wet years, 
thrive in these environments and can produce larger, 

healthier fish than those present in perennial habitats. 
This salmonid life history diversity represents a unique 
bet-hedging strategy that helps to stabilize populations 
under variable climate conditions.

Land and water management activities have degraded 
riverine and wetland habitats. These altered conditions 
have made species’ drought-resilience strategies 
less effective. Changes in the environment that have 

California’s freshwater fishes are well-adapted to drought. However, human disruption of their habitats means that, for many, 
time-tested drought resilience strategies are no longer effective. Source: Jeffrey Mount and Theodore Grantham

https://esajournals.onlinelibrary.wiley.com/doi/10.1002/ecs2.4211
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contributed most to the decline in resilience include: 
• Disconnection.  There are three dimensions of 

hydrologic connectivity in a watershed: longitudinal, 
which connects the upper and lower watershed 
through river networks; lateral, which connects rivers to 
floodplains and wetlands; and vertical, which connects 
surface water to groundwater. Dams, diversions, 
levees, and unsustainable groundwater pumping have 
disconnected the hydrologic landscape throughout 
California. This disconnection has degraded habitat 
and made it more difficult for fish and other organisms 
to utilize strategies to avoid, resist, and recover from 
drought.     

  • Loss of flow variability.  Native species have 
evolved to respond to and take advantage of seasonal 
and interannual variability in hydrology. Traits like 
migration, dispersal, and spawning are tied to these 
hydrologic cues. To meet demands of flood control, 
water supply and hydropower, water managers have 
reduced variability in these systems as much as possible. 
This has masked important seasonal cues and reduces 
the capacity of populations to rebound after droughts 
end.  

• Water quality degradation. Human uses of land 
and water have altered water quality in ways that differ 
dramatically from historic conditions. Today, habitats 
that historically played a role in buffering drought 
impacts are too cold 
or too warm, too 
turbid or too clear, too 
nutrient-poor or too 
nutrient-rich, with the 
latter—in conjunction 
with warming and low 
river flows—driving 
an increase in harmful 
algal blooms. Poor 
water quality adds 
to the natural stress 
of drought and has pushed some species past their 
tolerance limits.   

• Introduced species.  All these changes to 
habitat—disconnection, loss of variability, water quality 
degradation—have created novel ecosystems to which 
native species are poorly adapted. Moreover, these new 
environments are often ideal for non-native, introduced 
plants and animals that further reduce native species’ 
resilience. Species such as smallmouth bass, bluegill, 
and carp compete with and prey upon native fishes and 
invertebrates. The proliferation of non-native aquatic 
and riparian plants crowd out native species. These novel 
ecosystems work against the natural strategies native 
species use to cope with drought. 

These widespread environmental changes—often 
referred to as multiple stressors—are among the root 
causes of the decline in native freshwater species and 

explain their increasing vulnerability to drought. By 
suppressing or limiting access to the diversity of habitats 
that historically existed, management activities are 
also contributing to the loss of genetic diversity within 
populations. For salmon and steelhead trout, hatchery 
practices have played a particularly important role in 
homogenizing populations, further undermining their 
ability to withstand drought.
Novel ecosystems require novel solutions

Rebuilding freshwater ecosystem resilience in 
the face of increasing drought intensity is a daunting 
challenge. Federal, state, and local governments—along 
with numerous partners in the private and non-profit 
sectors—are working hard to find solutions. Addressing 
this challenge, however, requires novel approaches.

To date, federal and state agencies responsible for 
managing freshwater ecosystems have tended to take a 
narrow approach, focusing actions on species protected 
by state and federal Endangered Species Acts (typically 
fish). In many rivers, the single-species approach led to 
the establishment of highly prescriptive flow and water 
quality standards. This limits the flexibility necessary to 
adapt to changing conditions and often fails to address 
the diversity of habitat needs for the wide range of 
species present. Further, rivers that lack protected 
species are often neglected. 

Rebuilding ecosystem resilience to drought will 
require actions that 
unlock the natural 
avoidance, resistance, 
and recovery strategies 
of native species. This 
includes restoring 
connectivity to allow 
access to the diversity 
of environments that 
freshwater species 
utilize. Obsolete dams 
and other instream 

barriers that limit the movement of organisms, 
nutrients, and sediments through the river networks, 
should be removed. Levee removal and setback 
projects are needed to reconnect floodplains with their 
rivers.  Actions to recover groundwater levels should 
also be prioritized to sustain riverine and wetland 
habitats. Increasing the size and diversity of accessible 
habitats, coupled with improved hatchery management 
practices, will also help maintain the genetic diversity of 
populations—a key ingredient for resilience. 

Changes in environmental water management are 
needed to restore “functional flows”—seasonally variable 
river flows that interact with the landscape to create 
and sustain critical physical, biological, and chemical 
functions. A novel approach to restore functional 
flows is the establishment of ecosystem water budgets 
(EWBs) that can be flexibly allocated for ecosystem 

To rebuild drought resilience, actions 
should be focused on restoring 

hydrologic connectivity and functional 
flows in rivers and streams.

https://onlinelibrary.wiley.com/doi/10.1111/fwb.13058
https://mywaterquality.ca.gov/habs/
https://mywaterquality.ca.gov/habs/
https://esajournals.onlinelibrary.wiley.com/doi/full/10.1002/eap.2243
https://esajournals.onlinelibrary.wiley.com/doi/full/10.1002/eap.2243
https://afspubs.onlinelibrary.wiley.com/doi/full/10.1002/fsh.10267
https://afspubs.onlinelibrary.wiley.com/doi/full/10.1002/fsh.10267
https://www.ppic.org/publication/making-the-most-of-water-for-the-environment/
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needs. Implementing an EWB would mean dedicating a 
proportion of the natural flow in a river—or inflow to a 
reservoir—which is strategically allocated as river flows 
to benefit the environment. 

Allocation of EWBs as functional flows would restore 
critical flow variability in rivers and streams. Coupled 
with physical habitat restoration projects within and 
along channels, these efforts could improve connectivity. 
The benefits of EWBs do not stop there: they can also be 
used to maintain water quality or to suppress non-native 
species. 

Finally, to recover ecological drought resilience, 
we must prioritize the protection of habitats that are 
naturally buffered from drought impacts. These include 
spring- and groundwater-fed streams that sustain cold 
water flows even during periods of low rainfall and 
warm temperatures. 
Rebuilding Resilience

The decline in freshwater biodiversity in California 
began long before the intense droughts of the last 10 
years (and more than 20 years in other parts of the 
West). Water, land, and species management have 
dramatically reduced the drought resilience of native 

populations, making them more vulnerable to on-
going changes in climate. To rebuild drought resilience, 
actions should be focused on restoring hydrologic 
connectivity and functional flows in rivers and streams. 
We also recommend the establishment of ecosystem 
water budgets, which would enable flexible, adaptive 
management of environmental water during and after 
droughts. Investments in environmental water should 
also be accompanied by efforts to identify and protect 
drought refugia. Collectively, these actions could help 
to buffer freshwater species from the growing threat 
of drought in California and the West and, if effectively 
implemented, ensure their persistence.■ 

Ecosystem water budgets can be used to create functional flows.  This can help to restore vital functions within ecosystems, and give native-
species a fighting chance in the struggle against intense drought. In the chart above, hatched blue areas depict flow augmentation through 
releases from storage or reduced diversion to create flow pulses.  Source: Jeffrey Mount and Theodore Grantham

Jeffrey Mount (mount.jeffrey@gmail.com) is a senior 
fellow at the Public Policy Institute of California. Theodore 
Grantham (tgrantham@berkeley.edu) is an associate 
professor of Cooperative Extension at the University of 
California, Berkeley. Their work is supported by funding 
from National Oceanic Atmospheric Administration’s (NOAA) 
National Integrated Drought Information System (NIDIS).

mailto:mount.jeffrey%40gmail.com?subject=
https://www.ppic.org/
mailto:tgrantham%40berkeley.edu?subject=
https://www.berkeley.edu/
https://www.berkeley.edu/
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Ripple Effect: Migratory Birds and Long-term 
Drought in the West

AS WATER MANAGERS KNOW ALL TOO WELL, ONE OF THE 
fundamental challenges is that water is one element of a 
complex and connected system. Water that falls as snow 
in the mountains moves downslope to rivers, wetlands, 
lakes, underground aquifers, and coastal estuaries. These 
hydrological connections provide foundational resources 
for an incredible system that supports people, fish, birds, 
and other biodiversity across the planet.

But today’s hydrologic cycle is vastly different than 50 
years ago, with evidence of climate disruption throughout 
the water cycle—including long-term drought, heat 
waves, flooding, wildfire, and more. One challenge of 
understanding and managing these water-based systems 
is that many impacts, such as long-term drought, do 
not affect just one location. They ripple out across 

larger areas. In the case of migratory birds that depend 
on rivers, wetlands, estuaries, and lakes, these ripples 
can extend from the Arctic all the way to the southern 
reaches of South America. As an integral part of broader 
drought resilience work in the American West, efforts to 
support migratory bird populations can also make waves, 
sending ripples well beyond the habitats where wildlife 
managers and water managers focus their efforts. 
A primer on bird migration 

Of the 759 bird species that regularly breed in the 
United States and Canada, 549 are migratory, meaning 
they make annual movements between the places 
where they nest and the places they use the rest of the 
year. Bird migration looks quite different for different 
bird species—in the distance they travel, their timing, 

FEATURE

Nat Seavy and Karyn Stockdale

For the migratory birds of the western U.S., such as these Sandhill Cranes in the San Joaquin Valley, drought is nothing new. Between increased 
pressure of human activity and climate change, however, the wetlands that many migratory birds rely upon are under threat. These habitats—and 
the birds that frequent them—are one piece of a broader, more complex ecological puzzle. Thus, efforts to support these populations can have 
positive effects that “ripple” outward. Source: Adobe Stock

https://explorer.audubon.org/home?legend=collapse&zoom=3&x=1306099.1620122588&y=2810864.562197212
https://explorer.audubon.org/home?legend=collapse&zoom=3&x=1306099.1620122588&y=2810864.562197212
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their preferred habitats, and the resources they need. 
This diversity allows birds to utilize seasonal variation 
in resources, especially water. Of the 549 migratory 
birds, 167 species are migratory waterbirds (e.g., ducks, 
geese, shorebirds, herons, egrets, and ibis) that are 
almost entirely tied to wetland and coastal ecosystems 
throughout the year. Many of these waterbirds nest 
in wetland ecosystems across the high Arctic, boreal 
forest, and Canadian prairie potholes. As fall arrives, 
freezing temperatures lock water into ice and snow, food 
resources diminish, and migratory birds move south to 
coastal and interior wetlands that remain productive 
from California to Florida and as far south as Argentina 
and Chile. In the spring, these birds again head north to 
take advantage of the thawing wetlands. 
Impacts of long-term drought on migratory birds in the 
modern era 

Droughts are not new for migratory birds. In part, 
their incredible migratory journeys are a response to the 
need to find water. However, in the modern era, tracking 
water isn’t as easy as it used to be. As we head into an 
era of rapid climate warming, these impacts of drought 
will become more challenging for migratory birds. 
Climate change represents the single biggest threat to 
birds. A National Audubon Society study demonstrated 

that more than 67% of bird species in the United States 
are at risk of extinction if we fail to meet our goals of 
reducing greenhouse gas emissions. 

The reality we face is that droughts are projected 
to be longer, hotter, and cover more extensive areas 
of the Western United States. We are already seeing 
the impacts in reduced precipitation, snowpack, and 
streamflow. In years when we see average snowpack 
levels in the mountains, river flows are low. That stunning 

discrepancy demonstrates an impact of climate change 
between the mountain tops and the valley bottoms; 
snowmelt isn’t reaching the rivers in the same way due to 
hotter temperatures that drive faster run off, create drier 
soils, and cause more evaporation. As a result, without 
protective or restorative action, the shifting mosaic of 
seasonal wetlands is likely to become increasingly sparse 
across the West, leaving birds without the habitat they 
need to survive.

The impacts of drought are further magnified by 
multiple dimensions of human water use, infrastructure, 
and climate change. Water supplies across the dry West 
are in severe crisis because of over-development, altering 
the hydrology, and resulting in drying riverbeds and 
shrinking coastal wetlands. The extent of many coastal 
wetlands has already been reduced by development and, 
in addition to drought, increasing storm severity and 
sea-level rise from climate change are further impacting 
these systems. As a result, migratory birds, particularly 
vulnerable shorebirds, are losing their feeding grounds at 
coastal sites. Across the hemisphere, at both coastal and 
inland wetlands, climate change and human water use 
pose fundamental challenges to water security for people 
and the future of wetland ecosystems and migratory 
birds.

Opportunities for management
Facing long-term drought as a new normal, it is 

easy to feel discouraged. Fortunately, the technology 
and infrastructure that have been developed to meet 
the water needs of people also create opportunities to 
provide water to ecosystems for migratory birds. 

Birds tell us that when we manage water for the 
environment as well as human needs, conditions 
improve. In the Colorado River Delta in northern Mexico, 

In Ten Strategies for Climate Resilience in the Colorado Basin, the Audubon Society and its partners show how building a more resilient system 
for migratory birds is one part of a broad, holistic approach to deliberate water management in the American West. Source: Nat Seavy and Karyn 
Stockdale

https://nas-national-prod.s3.amazonaws.com/climatereport-2019-english-lowres.pdf
https://www.tenstrategies.net/_files/ugd/a4c8f1_17ecc9178a9d430e94e4c43e0d5eab91.pdf?index=true
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dedicated flows have taught us since 2014 that the return 
of water to a desiccated landscape can have immediate 
impacts, with increases in bird diversity and abundance. 
Beyond supporting the ecosystem, this deliberate water 
management supports local communities and bolsters 
binational collaboration between the U.S. and Mexico on 
Colorado River water shortages. In southern California, 
redirecting relatively small amounts of water to Owens 
Lake created an array of distinct bird habitats and helped 
improve air quality for people by mitigating dust. And in 
California’s Central Valley, 
Audubon worked with 
partners to create surrogate 
habitat during drought by 
providing financial incentives 
to farmers to strategically 
flood fields after harvest, 
helping to support birds 
and provide income to 
farmers facing the economic 
challenges of drought.  

But managing water 
during dry years is not 
the only solution for 
protecting migratory birds in 
intensifying drought. Building 
a more resilient system for migratory birds means 
working from the top of the watershed to the ocean, in 
both wet and dry years. In the Ten Strategies for Climate 
Resilience in the Colorado River Basin report, Audubon 
and partners identified a suite of actions that could be 
used to adapt to and mitigate climate change, reduce 
pressures on water supplies, and strengthen economic 
resilience. These actions illustrate the importance of 
investing in holistic approaches to managing water 
during long-term drought and aridification.

Just as it has required a substantial investment to 
create the water system we currently have, adapting it 
for a warmer and drier future will also require significant 
resources. Fortunately, this need is being recognized. 
As sources of funding like the recently-enacted 
Infrastructure Investment and Jobs Act and the Inflation 
Reduction Act become available to adapt to climate 
disruption, it will be imperative to apply these resources 
to holistic approaches that address water challenges.

With drought conditions persisting now into a third 
decade across parts of the West and climate change 
increasingly impacting water supplies and habitat, we 
urgently need long-lasting water solutions. It is possible 
to approach water management in a way that addresses 
the needs of both birds and wildlife as well as people—
but only if decision-makers, water users, and wildlife 

managers can work together to align good outcomes for 
water-dependent habitats with solutions that decrease 
risks of water shortages for people. Many of the “Ten 
Strategies” have the potential to provide benefits for 
birds and improve other aspects of climate resilience. 
For instance, restoring degraded mountain streams 
and meadows would allow for more water retention 
upstream that benefits bird habitats and increases water 
security for human needs. Likewise, boosting urban 
conservation efforts by removing unnecessary grass 

and upgrading plumbing 
can enhance economic 
resilience by lowering water 
use and reducing the need 
to divert water away from 
essential bird habitats. We 
need to invest in immediate 
and long-term solutions to 
mitigate current disasters 
and prepare for the hotter, 
drier future driven by 
climate change.
A Widening Ripple

Migratory birds remind 
us that the challenges 
facing the arid American 

West are part of a larger system that extends across 
the Western Hemisphere. Programs, policies, funding, 
and agreements designed to adapt to less water need 
to go hand-in-hand with considerations to mitigate 
harm to environmental resources. In responding 
to long-term drought, water managers have the 
opportunity to craft, adopt, and connect new and long-
lasting solutions with a ripple effect: the nature of bird 
migration means that the impacts of these decisions 
and actions will extend across the hemisphere.■ 

Nat Seavy (nat.seavy@audubon.org) is the Director of 
Migration Science for Audubon’s Migratory Bird Initiative. In 
this position, Nat works with the Audubon Science Team to 
use the wealth of scientific knowledge about bird migration 
to engage people in the joy of migration and help them 
take action to protect the places that matter most across 
the Americas. Karyn Stockdale (karyn.stockdale@audubon.
org) is Senior Director of Audubon’s Western Water 
Initiative working to address precipitous declines in water 
across the arid West with a focus on the Colorado River and 
saline lakes. Karyn leads innovative conservation efforts—
from public policy to restoration—to help decision-makers 
adapt to diminishing water supplies with improved policies 
and increased investments in climate resilient strategies.

Across the hemisphere, at 
both coastal and inland wetlands, 
climate change and human water 
use pose fundamental challenges 
to water security for people and 
the future of wetland ecosystems 

and migratory birds.

https://www.audubon.org/news/bird-abundance-increases-colorado-river-delta-after-2014-pulse-flow-new-report
https://peerj.com/articles/5147/?bblinkid=189524579&bbemailid=17072449&bbejrid=1248131842
https://peerj.com/articles/5147/?bblinkid=189524579&bbemailid=17072449&bbejrid=1248131842
https://peerj.com/articles/5147/?bblinkid=189524579&bbemailid=17072449&bbejrid=1248131842
https://www.tenstrategies.net/_files/ugd/a4c8f1_17ecc9178a9d430e94e4c43e0d5eab91.pdf?index=true
https://www.tenstrategies.net/_files/ugd/a4c8f1_17ecc9178a9d430e94e4c43e0d5eab91.pdf?index=true
https://www.audubon.org/news/infrastructure-bill-will-help-address-declining-water-levels-and-drought-west
https://www.audubon.org/news/what-inflation-reduction-act-means-water-west
https://www.audubon.org/news/what-inflation-reduction-act-means-water-west
mailto:nat.seavy%40audubon.org?subject=
mailto:karyn.stockdale%40audubon.org?subject=
mailto:karyn.stockdale%40audubon.org?subject=
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FEATURE

Putting the Tools to Work: 
Drought Resilience in Some of California’s 
Most Vulnerable Communities
Kjia Rivers

IN 2012, CALIFORNIA PASSED THE HUMAN RIGHT TO 

Water which states that all Californians have a right to 
safe, clean, and affordable drinking water. A decade 
later, over one million Californians lack access to safe 
drinking water. Many families face contaminated water 
or no running water at all.

Groundwater is a critical resource for the lives and 
livelihoods of millions of Californians—but it has been 

unsustainably used. Over-extraction, coupled with 
extreme drought conditions predicted to worsen with 
climate change, will continue to put families at risk of 
losing access to water all together. 

Fortunately, there are many ways to make the 
human right to water a reality for these communities 
and reduce the impacts of climate change and drought. 
The Sustainable Groundwater Management Act (SGMA), 

In August 2016, Leonicio Ramirez and his daughter Tania are the first residents to receive water through a new water distribution system in East 
Porterville, CA. During the 2014 drought over 300 homes in East Porterville lost access to drinking water when groundwater levels dipped too low. 
Recent policy efforts in California provide the tools to prevent such emergencies in the future—provided we use them correctly. Source: California 
Department of Water Resources
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Senate Bill 552 (SB 552), and the Multibenefit Land 
Repurposing Program (MLRP) are key policies that 
can help protect the water supply of the state’s most 
vulnerable communities. Properly used, these policies 
are tools that can help ensure that at-risk California 
communities have access to safe, clean water during 
droughts and beyond.
Sustaining Drinking Water Access

During the 2014 drought, over 300 homes in East 
Porterville lost access to water when the groundwater 
levels dropped too low. Life does not suddenly stop 
when a family loses access to water. Daily needs like 
laundry and showers are disrupted, certainly. But 
parents still need to go to work, get their children ready 
for school, and prepare meals for their family—all 
without access to water. 

Tomas Garcia’s family faced just this situation during 
the 2014 drought. The well that the Garcia family 
depended upon was dry for over two years, forcing him, 
his wife, and two daughters to rely on short-term fixes 
like bottled water and emergency water tanks. Their 
situation was far from unique—such was the case for 

hundreds of families in East Porterville.
Eventually, the community was permanently 

connected to nearby City of Porterville’s water system. 
This ultimately secured the East Porterville’s long-term, 
sustainable access to drinking water. Three years into 
California’s current drought, every home connected 
to the City of Porterville continues to have running 
water. The same year that East Porterville went dry, 
SGMA was passed. SGMA aims to prevent groundwater 
basin overpumping and protect groundwater supply 
for all users for years to come. Although SGMA was 
implemented too late to stave off 2014 shortages in East 
Porterville, SGMA can protect communities' access to 
drinking water going forward. 

SMGA is a positive step. However, drinking water 
users are still not adequately protected under this law. 
Groundwater Sustainability Agencies (GSA) managing 
critically overdrafted groundwater basins have left 
domestic well users vulnerable by allowing future 
pumping to reduce water levels below domestic wells, 
and have failed to create sufficient domestic well 
mitigation programs to provide water to families and 

Like many East Porterville households, Tomas Garcia and his family were forced to rely on bottled water and emergency tanks during the 
five-year drought. Source: Rudy Meyers
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communities when their wells go dry. GSAs must take 
the necessary steps to protect domestic well users by 
ensuring that groundwater pumping is limited (especially 
around domestic wells), further limit pumping, and 
monitor groundwater levels closely during drought.

Interim solutions are burdensome to sustain over 
time. Long-term solutions, such as drilling deeper wells, 
are becoming increasingly costly and difficult to achieve. 
With California’s current well-drilling backlog, it would 
take twenty years to provide replacement wells to the 
families who need them now. And it will surely take 
even longer to drill enough wells if we factor in all those 
that will go dry as the drought continues. Water hauling 
services are becoming more expensive, and the wait 
for well replacements grows longer. How to face this 
mounting challenge? SGMA must be implemented in a 
way that prevents plummeting groundwater levels from 
endangering vulnerable communities' access to drinking 
water. 
Fighting Groundwater Contamination

Many small, unincorporated communities in California 
are surrounded by large-scale agriculture. As a result, 

they often face dual crises. On the one hand, water 
levels are dwindling. On the other, the drinking water 
that remains is increasingly contaminated. One example 
is West Goshen in Tulare County. Nearby agriculture 
operations have contaminated the community’s drinking 
water with nitrate, uranium, and cancer-causing 
1,2,3-trichloropropane (1,2,3-TCP). An estimated 60 
households within West Goshen—a community of just 
over 500 people—lack access to clean drinking water. To 
make matters worse, water contaminants become more 
concentrated as groundwater levels decrease—making 
West Goshen’s situation even more complicated and 
dangerous during long-term drought. 

SGMA has a substantial role in preventing 
contaminants from increasing in concentration in the 
future. GSAs must create groundwater sustainability 
plans that ensure groundwater quality is not 
further degraded due to over-extraction. To prevent 
groundwater levels from dropping further and 
compounding the effects of the drought, groundwater 
extraction must be managed with domestic well users 
in mind. It is crucial that GSAs manage California’s 

Residents of Seville, CA, depend on regular water deliveries to water tanks like the one pictured above. But this approach is not sustainable in the 
long term. In the future, policy experts and local leaders must work together in communities like Seville to anticipate drought emergencies and 
prepare for them in advance. Source: Community Water Center
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groundwater resources sustainably to protect vulnerable 
communities who depend on both the levels and quality 
of the water beneath their feet. 
Proactive Drought Preparation

California must also prepare for water shortage 
emergencies to become more frequent. Seville, a 
community in northern Tulare County, has a long history 
of limited access to safe drinking water. The State Water 
Board stepped in to provide Seville with a new well in 
2014. Unfortunately, one of those wells has already failed 
completely. As a result, families in Seville are dependent 
on hauled water deliveries until a replacement well can 
be funded and drilled. While emergency services are 
crucial, families shouldn't have to depend long-term 
on trucks to bring them 
the water they need for 
drinking, bathing, and 
cooking. 

Seville’s recent water 
troubles were just one 
episode in a long history. 
And, for many Californian 
communities like Seville, 
drought emergencies are 
rarely a surprise. Local 
agencies must take notice 
of developing problems 
and respond to them in 
advance. Taking proactive 
steps to prepare for drought can help ensure that 
vulnerable communities like Seville can maintain access 
to drinking water.

To that end, California passed and has begun 
implmenting SB 552. Currently, resources for drought 
impacted communities are limited across the state. This 
has left many families vulnerable to water shortages 
and uncertain about how to find support. SB 552 is 
promising in this regard. It encourages counties (with 
state guidance) to create drought response plans to track 
and respond to drought emergencies. Additionally, SB 
552 requires county drought plans to consider long-term 
solutions such as consolidation to promote drinking 
water resiliency. As California’s drought deepens, 
SB 552 will likely be an increasingly important policy 
achievement and a tool for facing drought related 
challenges.
Multibenefit Land Repurposing to Ease Low Water Levels

Available groundwater supplies cannot sustain the 
water demand needed to maintain current agriculture 
operations, drinking water needs, and ecological 
needs. To ensure vulnerable communities’ access to 

groundwater, significant amounts of agricultural land 
must be fallowed. The Department of Conservation’s 
MLRP can support a path to drinking water security; 
however, it is critical that its implementation benefits 
communities.

Though the MLRP is in the early stages of 
implementation, this program can provide solutions to 
address declining groundwater levels. To accomplish 
this, MLRP supports growers to voluntarily fallow 
agricultural land and transform fields into low-water-use 
spaces beneficial to the environment and neighboring 
communities. These low-water-use spaces have a host 
of benefits. These lands can promote groundwater 
recharge, ideally for nearby shallow domestic wells, 

reduce groundwater usage 
by 1.8 cubic kilometers 
per year, and create 
protective buffer zones 
for rural disadvantaged 
communities. Additionally, 
the program can provide 
direct benefits to nearby 
communities by creating 
green spaces, flood 
mitigation, and habitat 
projects. If implemented 
with a focus on providing 
benefits to disadvantaged 
communities, programs 

like the MLRP will be key to the future of equitable water 
management in California.
Looking Toward the Future

Climate change and long-term drought threaten 
communities’ access to safe, clean, and affordable 
drinking water across California. Thankfully, California 
has many of the tools necessary to adequately prepare 
for this dire scenario. Policies including SGMA, SB 552, 
and MLRP should all be implemented to their fullest 
extent while ensuring the needs of California’s most 
vulnerable communities are being prioritized. It is 
inexcusable that in 2023 families still do not have access 
to safe, clean, and affordable drinking water. It will take 
a collaborative effort between state and local agencies 
to fulfill the Human Right to Water. We must step up to 
ensure all Californians have drinking water. We have the 
tools. Now it is time to use them.■

Kjia Rivers (kjia.rivers@communitywatercenter.org) is a 
policy advocate at Community Water Center.

Life does not suddenly stop when 
a family loses access to water. 

Parents still need to go to work, get 
their children ready for school, and 
prepare meals for their family—all 

without access to water.

https://www.sciencedirect.com/science/article/pii/S0048969722070632?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0048969722070632?via%3Dihub
mailto:kjia.rivers%40communitywatercenter.org?subject=
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FEATURE

Flexibility, Partnerships, and Balance: 
Sustainable Food Supply in the Face of Drought

Cannon Michael

TO SAY THAT CALIFORNIA IS VITALLY IMPORTANT 

to the nation’s food supply and economy would be an 
understatement. California is not only the most populous 
state in the country but also the most agriculturally 
productive. In 2020, the state’s 69,600 farms produced 
$49 billion in agricultural products, including two-thirds 
of the fruits and nuts and one-third of the vegetables 
grown nationwide. The significance of agricultural 

production reaches beyond the value of these raw 
products. According to a California State University, 
Fresno study, this created a total economic impact of 
$125.44 billion on the state’s economy, due to value-
added industries, including processing, packaging, 
transportation, and others.

At Bowles Farming, located in California’s San Joaquin 
Valley, we harvest up to twenty different crops annually 

California farmers irrigate their tomato crop. From food to fiber, California’s farms are the most productive in the nation. A stable, dependable 
supply of water is needed to keep these farms viable and productive—and intense, prolonged drought is making water resources increasingly 
scarce. But California’s farmers are nothing if not resilient. Source: Adobe Stock

https://jcast.fresnostate.edu/ifa/documents/pdf/Appendix-1-Economics-12-7-2.pdf
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on land farmed by six generations of our family going 
back to the 1860s. Our list of crops includes carrots, 
garlic, onions, watermelon, cantaloupe, honeydews, 
fresh and processing tomatoes, and extra-long staple 
cotton.

Like the thousands of others in California, our farm 
transforms water into food. And the water used to grow 
farm products goes home with you in the food you buy. 
Drought presents many challenges for farmers and 
impedes our ability to grow our crops reliably. Decisions 
need to be made months in advance of planting. But 
water uncertainty makes planning difficult and elevates 
risk. Many crops we grow are started in greenhouses 
months before they go into the soil on the farm. That 
means that we have made significant investments before 
we know if we will have enough water to finish the 
crop. During times of drought, crops don’t get planted, 
investments are stranded, and fields are fallowed.
The Fallowing Effect

Farmers are not the only ones who suffer when 
productive cropland is fallowed. Farm employees face 
reduced work hours or, in some cases, lose their jobs 

altogether. Businesses that provide products or services 
that depend on farm operations are also hurt when 
fields lay fallow. 

These businesses are part of the chain of farm-
related enterprises that rely on consistent food and fiber 
production to stay afloat. When cropland is fallowed, it 
produces a ripple effect that hurts restaurants, hardware 
stores, auto and equipment dealers, bakeries, barber 
shops, and more. With fewer customers, businesses may 
be forced to lay off workers. Some eventually close and 
the community shrinks. Tax revenue is reduced, and 
services may face cuts. And, of course, consumers feel 
the pain of fallowed California farmland in the form of 
less fresh food, higher prices, or both.

Like all farmers, Bowles Farming can’t make long-term 
decisions or investments in our farm, communities, and 
workforce without a reliable water supply from year to 
year. Annual crops provide some flexibility, but we still 
need to know at least a year ahead whether we will have 
the water to see a crop through to harvest. That is an 
uncertain proposition under relatively stable conditions. 
As climate change makes cycles of wet and dry weather 

A pipeline carries water across the Mojave. Combined with a portfolio of other tools and strategies, water transfers—moving from wetter to drier 
areas of California—is an effective piece of the drought management puzzle. Source: Adobe Stock

https://wsm.ucmerced.edu/drought_study/
https://wsm.ucmerced.edu/drought_study/
https://wsm.ucmerced.edu/drought_study/
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increasingly extreme in California, it is becoming more 
challenging than ever.
Flexible Tools

California has always endured cyclical wet and 
dry periods. Our dams and reservoirs were built to 
manage these cycles by providing flood control, water 
supplies, recreation, and clean, renewable hydropower 
generation. And, over time, they have done an excellent 
job.

However, during the second half of the 20th Century, 
the cycle of wet and dry years has become more 
extreme, and California likely faces more prolonged 
periods of drought, making it more difficult for our 
water supply system and farmers to adjust. We rely on a 
system that was built decades ago. California’s changing 
hydrology demands additional investments from water 
managers and water users. 

To prepare for weather extremes and make our farm 
more resilient to drought, Bowles Farming has invested 
millions of dollars into water conservation projects—and 

so has our water district. We have shifted to planting a 
block of winter crops whose water demand comes at 
off-peak times and that are finished before the summer 
heat. 

This strategy has worked well for us, but it is not 
a one-size-fits-all solution. All farms and farmers are 
different. Some farms don’t have the capacity to take 
on higher technology irrigation systems and specialized 
crops. Farmers, by nature, are resilient. But to ensure 
long-term viability, farmers need a set of tools that are 
flexible and efficient.

Water transfers are one of those tools. Wetter parts 
of the state deliver water to farms where drier conditions 
exist. Transferring water from willing sellers to willing 
buyers is essential for securing predictable supplies of 
surface water. Water transfers become even more crucial 
during drought. While the amounts of water available for 
transfer may be limited, whatever is available can make a 
huge difference for farmers who need it.

Groundwater pumping is another valuable tool 

Mutually beneficial partnerships are vital for keeping food on the table when water runs low. At Bowles Farming, a compost site accepts daily 
green waste. This helps municipalities reduce their climate impact while at the same time enhancing the soil and improving water retention. 
Source: Cannon Michael
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that works hand-in-hand with water transfers. Periodic 
increases in strategic groundwater pumping can provide 
regional water supply benefits without sacrificing 
groundwater sustainability. The additional water 
can be used locally or transferred to areas of need, 
complementing water transfers as a drought strategy.

Using these tools can be tricky, however. Both 
water transfers and groundwater pumping require 
a complex set of state and federal permits. To make 
informed planting decisions, farmers must know well 
in advance that water supplies will be available. But by 
the time drought conditions reach a point where the 
practice could be helpful, it is too late for these projects 
to be permitted. Individuals who could participate are 
often too busy with farming operations to navigate 
the complex process. Steps should be taken to 
streamline the permitting process. One option would 
be to authorize preapproved permits under specific 
conditions. By making it easier to use these tools, we can 
enhance the flexibility of California’s water supplies.

Another option for freeing up water is summer 
dry-down of alfalfa. This practice involves holding back 
irrigation water for alfalfa when other crops are in peak 
demand. This saved water is then available to transfer 
to buyers with a more urgent need. Summer dry-down 
doesn’t sacrifice the long-term health of alfalfa, which 
can return from a dormant state when water is reapplied 
within a reasonable amount of time. Alfalfa then 
resumes its growth and harvests can continue. Summer 
dry-down is a preferred option to outright fallowing, 
which can create permanent food supply problems.

The ideas outlined above are only some of what 
can be done to address water scarcity due to drought. 
The key is to have a “menu” of options that can be 
implemented quickly and efficiently. Steps should be 
taken to streamline the approval process so that farmers 
don’t get caught up in permitting processes that take 
months to complete. Permitting is important, but so is 
being nimble in times of drought.
Vital Partnerships

Having the right tools and know-how is not the whole 
story, however. Collaboration is also key. Collaborative 
water management during and outside of dry years will 
help California’s water users weather and recover from 
droughts. Wildlife areas, including public and private 
wetlands, require water to stay healthy.

That’s why farmers across the state work closely with 
wildlife refuges to help move water. These partnerships 
can help secure state and federal grants aimed at 
protecting and enhancing wildlife while, at the same 
time, providing additional water for farms. 

In California’s San Joaquin Valley, for instance, the 
Del Puerto Water District has partnered with Grassland 

Water District to construct upgraded conveyance 
facilities that provide water supply benefits to both 
wildlife refuges and farmers, who cover a share of the 
cost.

Farmers and environmentalists worked together 
with the cities of Modesto and Turlock to bring recycled 
water from those cities to farms and refuges across the 
Valley. This unique partnership led to the first approval 
for recycled water to be integrated with federal Central 
Valley Project water supplies to meet agricultural and 
environmental needs.

Partnerships are also crucial to our efforts at 
Bowles Farming. We now have a permitted compost 
site on the farm where we accept green waste daily 
from municipalities, thus helping them meet climate 
pollutant reduction requirements. We turn the material 
into organic certified compost in 30 days and then 
incorporate it into our fields. This improves soil structure 
and water retention capacity. 

These examples are a step in the right direction, 
toward more balanced, robust water management, and 
indicate the value of diverse partnerships.
A Balanced Approach

Collaboration supports flexibility and encourages 
a balanced approach to water management. If farms, 
cities, towns, and the environment will thrive in the 
future, we must approach our challenges in just this 
way. Working on solutions during a drought is difficult 
due to the stress of water scarcity. This means we must 
come together. Only with a combination of flexibility, 
collaboration, and balance can we craft durable solutions 
that will benefit generations to come. ■

Cannon Michael (cannon@bfarm.com) is the President/
CEO of Bowles Farming Company. He is an advocate for 
California agriculture and intelligent water policy and 
holds active leadership positions in the San Luis & Delta 
Mendota Water Authority, Water Education Foundation, 
San Luis Canal Company, Henry Miller Reclamation District, 
Public Policy Institute of California’s Water Policy Center, 
Environmental Defense Fund’s Ecosystems Committee, 
American Farmland Trust Board, Family Farm Alliance, 
Exchange Contractors PAC, California Cotton Growers 
Association. He is the 6th generation of his family to work 
in the family farming business.

California is not only the 
most populous state in the 
nation—it is also the most 
agriculturally productive.

https://bondaccountability.resources.ca.gov/Project.aspx?ProjectPK=16475&PropositionPK=48
https://bondaccountability.resources.ca.gov/Project.aspx?ProjectPK=16475&PropositionPK=48
https://calrecycle.ca.gov/organics/slcp/
mailto:cannon%40bfarm.com?subject=
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Planning Ahead, Empowering Customers: 
Managing Drought in the Turlock 
Irrigation District 
Michelle Reimers

FEATURE

“DOING OUR PART WHILE EMPOWERING OUR 

customers to do theirs.” That’s the best way to describe 

Turlock Irrigation District’s (TID) overall drought 

response philosophy. What does that look like? At the 

highest level, it means managing water and power 

resources as efficient stewards at all stages of drought, 

informing customers with transparent and regular 

communication, and providing tools to help growers 

respond to droughts effectively and sustainably.
The Tuolumne River and TID

TID operates along the northern end of California’s 
San Joaquin Valley. Approximately 80–85% of the 
district’s annual water supply comes from the 
Tuolumne River; groundwater makes up the rest. TID, 
Modesto Irrigation District, and the City and County 
of San Francisco operate local water-supply projects 
on the river. Because there are no federal or state 

In the spring, melting snowpack in the Sierra Nevada feeds the Tuolumne River, the largest source of water for TID water users. Although 
the water supply has been significantly diminished by recent droughts, a careful combination of forward thinking and cutting-edge 
technology has allowed TID to keep water flowing and hydroelectric power running for its customers. Source: Adobe Stock 

https://www.tid.org/news-and-resources/publications/the-grower/
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water projects on the Tuolumne River, watershed 
management is less complex than most streams.

Although the local management of the watershed 
means less red tape, the river—and communities that 
depend on it—still faces serious challenges. Water 
supply is a vexing issue. 
Water years 2020, 2021 
and 2022 yielded 2.72 
million acre-feet (MAF), 
when historically we’ve 
averaged 5.78 MAF in 
three-year spans. That’s 
a massive reduction 
of water in the stream 
over a sustained period. 
From a water supply 
perspective, that three-
year period was the 
third worst in 126 years 
of record keeping.

TID growers are 
largely generational 
farmers on parcels 
with an average size 
of 32 acres. Producing 
everything from dairy 
products to almonds 
and walnuts, these 
growers irrigate up 
to 150,000 acres 
annually. Without 
proper planning on our 
part, they would suffer 
drastic water supply 
hits. 

Agriculture is 
not the only sector 
for which TID must 
carefully plan. TID also 
generates, transmits, 
and distributes power 
to a population of 
nearly 250,000. Any 
water management 
faux pas, especially 
during drought, could 
affect the carbon-
free hydropower 
operations at the 
Don Pedro Project. 
This would impact all 
the customers who rely on TID to power their farms, 
business, and homes.

Watershed Management through Embracing Technology
 It makes perfect sense to ask what is being done 

to address current drought conditions. However, the 
most important question in drought management aims 
at what is being done today to prepare for tomorrow: 

“What are we doing to 
better prepare for and 
anticipate drought?”

The drought’s 
effects have not hit 
TID as hard as others 
in California, primarily 
because of our holistic 
approach to watershed 
management before, 
during and after 
drought. At the core 
of our watershed 
management toolkit 
lies our Hydrocomp 
Forecasting Analysis 
Model (HFAM). The 
model synthesizes 
historical, current, and 
forecast information 
to give us accurate 
projections of 
Tuolumne runoff.

 We have also 
partnered with NASA 
and the USDA since 
2012 to embrace 
Airborne Snow 
Observatory (ASO) 
technology to better 
measure Sierra 
Nevada snowpack 
that eventually drains 
into the Tuolumne. 
Additionally, TID has 
used atmospheric 
river data from the 
Scripps Institution of 
Oceanography at UC 
San Diego since 2017.

The ASO program, 
combined with 
atmospheric river 
data, provides 
accurate snowpack 

data and long-range precipitation forecasts. Through 
this technology, TID has access to three billion 
measurement points as it makes operational decisions. 

TID’s water management strategy begins in the upper reaches of the 
watershed, high above the Sierra Nevada. Partnering with NASA and the 
USDA, TID uses Airborne Snow Observatory (ASO) technology to track the 
level of snowpack in the mountains. This indicates the volume of snowmelt 
that will find its way into the Tuolumne each spring and, as a result, 
enables TID to prepare for drought conditions in advance. SOURCE: Turlock 
Irrigation District

https://www.waterboards.ca.gov/waterrights/water_issues/programs/water_quality_cert/donpedro_ferc2299.html
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That is staggering when compared to the amount of 
measurement points used by TID prior to adopting 
these approaches: a mere 17! And with big data comes 
big results. In 2018, TID was able to save 150,000 AF 
of proposed flood releases thanks to this technology. 
The benefits don’t stop there, however. ASO has also 
allowed for the assessment of many on-the-ground 
conditions that support forest health, fire management, 
and recreation.
Additional Planning Efforts

Technology is only effective if it is wielded wisely, of 
course. As a planning principle, TID assumes that the 
first sub-average water year is the first year of a multi-
year drought. As such, TID is working on a reservoir 
operations value system to assist its five-member board 
in decision making. This system works in tandem with 
TID’s HFAM modeling and places positive or negative 
point values on different demands for water. For 
example, high flows that risk downstream damage 
would have a negative value, whereas various instream 

flows and irrigation deliveries would have different 
positive values. By analyzing current reservoir output, 
this system allows us to plan for situations that may 
arise years down the road.

Naturally, these efforts have not been without cost. 
TID has invested over $60 million in the last 20 years 
to upgrade its water distribution system to increase 
efficiency and water savings. These upgrades, such 
as two new regulating reservoirs, support water 
conservation by stabilizing flow rates in the system,  
capturing water that is normally lost to surrounding 
rivers, and storing the water for later use. Not only 
have these efforts stabilized flow rates, they have 
also increased water-supply reliability, and reduced 
response times to customer demands. Additionally, TID 
has been selected by the state of California to pilot the 
nation’s first program for installing canopies of solar 
panels over canals. This initiative has the potential to 
increase renewable power generation, reduce aquatic 
vegetation growth in canals, and save water by reducing 

Agricultural users, like this Central California dairy, feel the effects of drought quickly and acutely. Accordingly, a reactive approach to 
drought management is not enough to help small, generational growers in the region avoid painful economic impacts. It is essential to 
prepare for drought in advance and take steps to mitigate these conditions before their worst effects are felt. Source: Adobe Stock 

https://www.tid.org/about-tid/current-projects/project-nexus/
https://www.tid.org/about-tid/current-projects/project-nexus/
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water evaporation in canals.
TID is always interested in limiting the footprint 

of its facilities. That is why the TID Board adopted 
its 2022 Sustainability Plan to increasingly improve 
on metrics such as water usage at TID facilities and 
groundwater recharge. Relatedly, TID operates its 
Water Wise Demonstration Garden at our main office to 
illustrate for TID customers a mixture of plants native 
to California and others that are suited to hot, dry 
summers.
Transparent and Regular Grower Communication

As an agricultural water provider, we know we’re just 
one element in tackling drought. Growers play a major 
part in our drought resiliency. They desire to use water 
wisely to help provide food and fiber for the world. They 
also serve as the backbone for our region’s economy.

When the Tuolumne shows signs of slowing, 
TID begins early and frequent grower engagement. 
The key to successful drought communication is 
informing customers early and often. We would 
rather communicate limited information early, rather 
than surprising growers with too much information 
too late. By providing up-to-date information to our 
customers, we assist them to make critical planning 
and operational decisions. Our meetings feature frank 
discussions about the details of TID drought operations 
to illustrate the countless complexities of watershed 
management. We also hold smaller, more personal 
meetings with various grower groups at their places of 
business or where they grab their morning coffee.

Formally advertised meetings and informal focus 
groups are just two ways that we connect with our 
customers. We also provide our Grower Newsletter—
quarterly by mail, monthly via email. The TID drought 
resources page is regularly updated with information 
such as current Don Pedro Reservoir and Tuolumne 
River conditions, and a weekly hydrology report. 
Finally, TID’s social media accounts stay busy sharing 
informative posts and responding to growers, media, 
and regional partners.

Of course, open communication is a two-way street. 
A 2020 grower communications study indicated to us 
how to make great strides to ensure we are getting 
information to growers in line with their preferences. In 
other words, effective communication with our growers 
is not only a matter of talking—TID also takes care to 
listen.

Drought Tools to Empower Growers
TID developed and debuted a new online water 

ordering system in 2021, complete with new grower 
tools. The new system not only enables ordering water 
from computer, tablet, or smartphone, but also gives 
customers access to information about water previously 
delivered to their parcels and the water remaining for 
use. The system allows growers to forecast water usage 
through the end of the irrigation season, as well as 
export data for recordkeeping and analysis. The tools 
have been well received and are being used by more 
than 40 percent of growers.

TID initiated a Drought Transfer Pilot Program 
(DTPP) at the beginning of the 2022 Irrigation Season. 
The DTPP allows growers to transfer a portion or 
all available water, depending on water year type, 
on parcels they own or rent to another grower. The 
program provides more options and flexibility to 
growers and makes unused water by some growers 
available to others. In the first season of the program, 
92 DTPP transfers were made by TID growers.

Managing water and power resources. Informing 
customers. Providing tools for action. That’s the plan. It 
seems simple. But it really is the best way TID can do its 
part while empowering TID customers to do theirs.■
Michelle Reimers (mareimers@tid.org) is general manager 
of Turlock Irrigation District (TID), an organization that 
serves 4,700 irrigation customers on approximately 
150,000 acres of farmland, and provides safe, low-cost, 
reliable energy to more than 240,000 people within its 
service area.

The key to successful drought 
communication is informing 

customers early and often. We 
would rather communicate limited 

information early, rather than 
surprising growers with too much 

information too late.

https://www.tid.org/news-and-resources/publications/the-grower/
https://www.tid.org/irrigation/drought-resources/
https://www.tid.org/irrigation/drought-resources/
mailto:mareimers%40tid.org?subject=
https://www.tid.org/news-and-resources/publications/the-grower/
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RESIDENTS OF WESTERN STATES ARE NO STRANGERS 
to drought. Arizona, for example, has been in some 
form of drought for close to 30 years. California faced 
severe drought between 2012 and 2016, and it finds 
itself in yet another dry span. Now, the roughly 40 million 
people living in the Colorado River Basin—spanning 
from Wyoming through to Colorado, New Mexico, 
Utah, Nevada, Arizona, and California—are in a state 
of interconnected limbo as chronic drought, climate 
change, and over-allocation are forcing long-needed and 
painful decisions about their water future. 

Against this backdrop, many other societal challenges 
remain: economic uncertainty, social unrest, and the 
COVID-19 pandemic, just to name a few. These multi-
layered and compounding stressors affect every 
person in the region and beyond, not to mention water 
professionals themselves who are both living through 

and attempting to help better address ongoing disasters. 
There is increasing evidence from around the 

world that water insecurity can lead to a variety of 
mental health challenges including post-traumatic 
stress disorder, depression, and anxiety. Taking these 
challenges seriously means working in new ways focused 
on understanding trauma, as well as offering care and 
solidarity.
Feelings About Water

There is a persistent myth that people don’t care 
about water issues enough, or that they are even 
apathetic. Experience and evidence show otherwise. 
In fact, people’s strong feelings about water dictate 
everything from how they think about their yards to what 
they drink. 

For example, according to Canadian water scholar 
Sarah Wolfe, “Human emotions are complicated, so 

FEATURE

Trauma, Care, and Solidarity: Addressing the 
Emotional Toll of Chronic Drought 

Faith Kearns

Some effects of drought—like this parched California hillside—are easy enough to spot. But not all the effects of chronic drought are visible 
to the naked eye. By uprooting communities, disrupting life and livelihood, and shaking up our sense of self and safety, drought and other 
natural disasters can be a source of profound emotional trauma. Source: Faith Kearns

https://azluminaria.org/2022/04/01/arizonas-27-year-drought-a-guide/
https://www.axios.com/2022/11/17/water-insecurity-climate-change-mental-health?utm_source=pocket_saves
https://www.theglobeandmail.com/opinion/article-flush-your-disgust-we-cant-let-emotions-dampen-our-water-policies/
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talking about them is never easy. But given the many 
and multiplying stresses on our drinking-water systems, 
it’s time to stop ignoring how powerful and universal 
emotions such as disgust both help and hinder our 
water decisions.” She argues that people’s feelings of 
disgust related to drinking recycled water—a potential 
solution to water scarcity—are something to take 
seriously, not something to fend off with a focus on 
rationality and more information. Many people might 
prefer facts over feelings, but the feelings are there, 
nonetheless.

Disgust is far from the only feeling related to water 
issues, of course. In fact, there is a host of powerful 
emotions stemming from water-related disasters. 
From drought to floods to debris flows, residents of 
the western U.S. are on the frontlines of a plethora of 
scary and traumatic events. So, while mental health and 
disasters like drought have not often been linked, it is 
becoming increasingly clear that water insecurity is a 
source of stress for many people. Water professionals 
must take steps to address this challenge.
Trauma-Aware Approaches to Drought

“Just understanding that there is a psychological 
impact from disasters is valuable,” says Maryam Kia-
Keating, an associate professor of clinical psychology 
at the University of California, Santa Barbara. Her 
work focuses on coping and resilience in the context 
of adverse childhood experiences, trauma, and stress, 
particularly for vulnerable and understudied populations 
and in the wake of disasters.

Kia-Keating says research shows traumatic events like 
disasters can shake loose people’s sense of basic safety. 
She has advice for professionals working with people 
in disaster situations, noting “it can be easy to overlook 
psychological effects of disasters, especially in the early 
stages, when basic needs obviously take precedence.” 
However, she warns, “neglecting psychosocial well-being 
is shortsighted. There is a lot of empirical evidence 
demonstrating its impact on health and resilience, both 
initially and over the long term.”

However, it is also important to acknowledge that 
trauma and the way it is experienced is not monolithic 
and, therefore, approaches must be culturally 
responsive. Even the word trauma can be difficult, says 
Theopia Jackson, the program director for Humanistic 
and Clinical Psychology at Saybrook University. “Part 
of the challenge with the ‘trauma bucket’ is that it has 
become a catchall phrase that means different things to 
different people. It can lead people to think of completely 
opposite things, either a permanent state of being 
traumatized or as a thing that happened one time and 
is over now.” Jackson says that thinking about “complex 
trauma” might help us understand how different people 

experience the same disaster in different ways.
“If someone has lived a typical life where they’ve 

had some ups and downs but they’ve been able to 
bounce back, enduring a disaster is one experience. But 
someone who’s been bombarded with other significant 
challenges may have a very different response,” says 
Jackson.

She notes that many communities of color and 
socioeconomically diverse communities “have their own 
‘network of care’ that they’re practicing in plain sight but 
out of view of the dominant culture. Professionals don’t 
always see these networks, because we have essentially 
said, ‘you have to come into my office, during a time that 
works for me, to get to the resources I have to give you.’ 
So what if instead, we go to them and say, ‘who’s already 
helping? How do we help them help more?’ The real 
question for me is, ‘How can I lighten your load and not 
add to it?’”
Pragmatic Support in California’s Central Valley

California’s last long drought hit the agricultural 
community in the state hard. Perhaps none were so 
hard hit as Hmong and other farmers of Southeast 
Asian descent who lease small plots of land in areas 
with declining groundwater levels, shallow wells, and 
outdated irrigation systems. The community had a brush 
with a mental health crisis. Wells went dry, pumping 
costs increased, and there were reports of a spike in 
calls to a suicide hotline as farmers faced fears of losing 
their livelihoods. For many small farmers, farming is 
part of who they are, despite the hardships. And the 
list of difficulties can be long: not owning the land they 
farm, decreasing acres of land to lease, and language 
and cultural barriers. Still, many of these small farmers 
persist.

Ruth Dahlquist-Willard is a small farms advisor 
with the University of California Cooperative Extension 
program in the heart of California’s Central Valley. 
She works with mostly immigrant and first-generation 
farmers, of which there are thousands in her county 
alone. Dahlquist-Willard and Michael Yang, a Hmong 

There is increasing evidence from 
around the world that water 

insecurity can lead to a variety of 
mental health challenges including 

post-traumatic stress disorder, 
depression, and anxiety.

https://www.kiakeating.com/
https://www.kiakeating.com/
https://ucanr.edu/blogs/blogcore/postdetail.cfm?postnum=27000
https://www.saybrook.edu/faculty/byname/theopia_jackson/
https://ucanr.edu/sites/Vegetable_Crops/Contact_Us/?facultyid=26640
https://ucanr.edu/sites/Vegetable_Crops/Contact_Us/?facultyid=2509
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agricultural assistant also with Cooperative Extension 
who offers a lifeline to small farmers throughout the 
region, received calls from farmers whose wells were 
drying up. They jumped into action by drawing on their 
relationships and asking the community how they could 
best offer support.

By listening to the farmers, they found many could 
save money on their energy bills by switching rate 
plans for their irrigation pumping practices and offered 
technical assistance to help them do so. The team 
also found that a state grant program to help farmers 
upgrade their irrigation equipment could be a resource. 
“We then held multilingual workshops to inform the 
growers of the grant process and get them started on 
their applications, and offered one-on-one assistance for 
completing the application,” Dahlquist-Willard explains. 

Growers who received assistance reduced the water 
and energy used by their irrigation equipment, which 
helped their bottom lines. “Southeast Asian farmers are 
tenacious and creative—they have already overcome 
incredible odds in adapting to a new culture and 
environment,” says Dahlquist-Willard. 
Moving Forward with Care and Solidarity

Drought and water scarcity in the western U.S. are 
only predicted to deepen with a changing climate. This 
will likely exacerbate the challenging and profound 
uncertainties that so many of us live with every day. 

Water professionals must extend care and build 
solidarity to address the mental health impacts of 
drought and related conditions. This begins with listening 
to what communities need and offering them pragmatic 
support—just as Dahlquist-Willard and her team did. 
Doing so is one way to meet communities in their own 
context of care and, as Jackson suggested, to “lighten 
the load” for them. An approach that responds to 
trauma with care and solidarity will be crucial for water 
professionals and their institutions moving forward. 
Indeed, understanding and addressing the effects of 
complex traumas people face today—including disasters 
like droughts—can help lighten the load tomorrow. ■

Note: Portions of this piece are adapted from Getting to 
the Heart of Science Communication: A Guide to Effective 
Engagement (2021) by Faith Kearns.

To address the “complex trauma” of drought, water professionals must listen to the communities they serve and learn what they can do to 
lighten their load. Here, Michael Yang (University of California, Agriculture and Natural Resources), meets with a Hmong farmer to plan a 
new irrigation system. Such a pragmatic approach is crucial to providing care and building solidarity. Source: Ruth Dahlquist-Willard.

Faith Kearns (fkearns@gmail.com) is a scientist and 
science communicator with the California Institute for 
Water Resources, University of California, Agriculture 
and Natural Resources. She focuses primarily on water, 
wildfire, climate change, and community engagement. 
Her work has been published in outlets including The New 
Republic, On Being, and the BBC. 

mailto:fkearns%40gmail.com?subject=
https://ciwr.ucanr.edu/
https://ciwr.ucanr.edu/
https://ucanr.edu/
https://ucanr.edu/


Accelerating the Transition from Water Risk to Resiliency:
Transformative Research to Sustainable Solutions

Water risk is an ongoing concern due to population growth, urbanization,
frequency of extreme climate events, sea-level rise and melting glaciers,

degraded landscapes, aging infrastructure, and inequitable access to clean
drinking water. It is imperative that water professionals from various
sectors collaborate and share cutting-edge solutions to future risks.
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